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A Mcleod gage and 
stopwatch will select 
pumps for your auto­
matic machines more 
accurately than any 
specification talk. For 
speed, high vacuum 
and reliability, such a 
test invariably selects 
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- one after another 
SUCCESSFUL~~~ 
have ado ted the 

I 

'The COJluibutioos of the Spngue Spedahia Company 
to the Radio industry bave loog been accepted as auiben­
tic im'provemenu. Whether in the field of paper or flee­
uol1UC condeaaer-., eaell Sprague produet lias beeD based 
UPOA cueful engineering, originality in conception and 
ae,igo, full apprea.tion of die recei'fer manwacturer's 
prol)lems and superb. modern Dl&nwaccuriog facilities. 
It is a uib.Uce fO research, enpeering, manu!aetul'iog 
excellence and unqualified ttnilormity of Sprague pro­
ducts, thac the dew Sprague electrolytic condenser is now 
s~Cs'ed as .candard equJ~menc in man1 ot lbe leading 
radio .u~ produced in chis counJJ:'Y.. 
Successful radio manulaaurers ~ye created a ,itOadon 
which establi.bts the Sprape .electrOlytic coodens« at" 
the tJlI1JiI4rti oj IN iniIMiIty! 

IIIMIINUt/ HIli., J.".." dC.,/IW1IiIII_ ... 
NPnI 

SPIlAGUB SPECIALTIES COMPANY 
NO .. 11I ADAMS. MASS. 

Me.al ... closed 
~.DI 

Oae hole JIlOUDI­
iq 

Small.~'" 
capaal)' 

Hiah ~ol •• .....,.at 
Iiealial 
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pany wi)) be the largest so-calk-II "il1<1 I.: \I('IIO I· 
cn\" manu fac:urer of electric \;\1111> l"rIb .. , 
311rl radio lubes, and the eC01l0Il\l C!~ "f tI, i._ 
combiu<ltlOn should re.mlt ill III 'Jr " dli,;i':l1l 
service to consumers of lliese 1'1 ",hl\'h. 

Tl!i, co"solidation will be effecled with­
Ollt rt',orlillg to additional public Cinalil' ill". 
No IH:W management or financial interc,\" 
are illyuhed in this consolidalion and those· 
oHic~r, who have been in charge of the· 
separal~ businesses will continue witb the 
new comhilla tioll. No change is contem­
plated ill the ma l1u r acturing facilities or 
locations. 
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Anaconda Coils-

Page 3 

Tbese coils, made 
to exacting s peci6-
catloos, are typical 
of the p~oduction 
in Anaconda's Coil 
Department ftt 
Muskegon, Mich . 

for DEPENDABILITY! 
Radio engineers know from experience that they can rely on 

Anaconda Coils always, Their dependable performance has 

earned favor throughout the radio industry. 

This dependability is due not only to advanced principles 

of design, but also to watch-making accuracy in construction. 

Up-to-the-minute manufacturing methods and equipment ... 

and a series of most exhaustive tests ... give Anaconda Coils 

unsurpassed high quality and uniformity. 

There are Anaconda Coils ... each one wound with Ana-

conda Magnet Wire, of course ... for every purpose in radio. 

Let US tell you about them in full detail. 

ANACONDA WIRE & CABLE COMPANY 
GENERAL O~FICES: 25 BROADWAY, NEW YORK 
CHICAGO OFFICE: 20 NORTH WACKER DRIVE 

Sales Offices in Principal Cities 
Magnft W ire Mills H Muskegon, Mich., And~rson. Ind ., and Syc.amore. III. 
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COMMUNITY 
RADIO 

T HERE is at least an indica­
tion of a current trend of 

thought with regard to broad­
casting facilities and services 
contained in an application 

received recently by the Federal Radio Commis· 
sian. A corporation to be known as Community 
Radio calls for reallocation of 25 of the present 
96 broadcast channels having 10 kc. separations 
-a total of 250 kc., so that 267 communities of 
above 10,000 population may be provided with 
organized local service. 

It is suggested that the 25 adjacent channels be 
subdi vided to provide 125 adj acent community 
channels having a 2 kc. separation, the power to 
range from JO to 100 watts. Placement might be 
either 500-880 or 1250-15°0 kc. 

At a time when the Commission is being pressed 
for authorization of higher transmitting powers 
for certain cleared channel stations so that thesl.: 
stations may (;xtend their circles of coverage, it is 
interesting to note the growing demand for purely 
local stations: 

It was obvious that as the art grew there would 
develop a nec.;d for local stations offering services, 
other than entertainment, for which there may be 
public demand . 

RECORD 
COMMU­
NICATION 

• 
l ONG experienced telegraph 
'- executives and engineers 

are interested observers of the 
progress made by executives 
:lI1d engineers reared in the 

telephone business in continuing telegraph service 
as a dividend paying business. 

The International Telephone and Telegraph 
Corporation now operates the Ialld lines of the 
Postal Telegraph Cable Company; the submarine 
lines of the Commercial Cable Company, and All 
America Cables. 

A realization of the fundamental difference 
between telephone and telegraph communication 
is indicated by the International's designation of 
telegraph service as "Record Communication." 

TRAINING 
SERVICEMEN 

• 
T HE Radio Dealers' Associa­

tion of Union County, New 
Jersey, has taken a forward 
step toward improvement in 
teceiVel" servicing. The Eliza­

beth, N. J., Vocational S,::hool at the request of 
the Radio Dealers' Association will inaugurate 
courses in radio servicing work for senior and for 
junior servicemen who during the day time are 

-4 

employed by radio dealers doing business in 
Union County. 

The purpose of the courSe is to better fit the 
men for their duties and in tum render to the 
publ.ic more efficient radio repair and installation 
services. 

An Advisory Committee of three members of 
the dealers' association is cooperating with lhe 
director of the Vocational School in setting up the 
curriculum for the course. 

Mr. Ralph E . Roe , secretary of the dealers' 
association, states that the course will include ele­
mentary electrical and radio princi}JJes, circuit 
tracing, trouble analyses, receiver instaUation, 
tube testing, servicing ethics, etc. 

Organized service courses of this nature are 
of benefit to men whose experiences have been 
practical rathcr th;\Il theoretical. Also, men who 
have takc.:n or who nre taking correspondence 
courses will filld the practical application of 
knowledge a ma (I; ri a 1 a id in thei r studies . 

... 
MANUFACTURERS' t rKE Joseph's coat of many 
PARTS - hllCS, the modern radio 
REQUIREMENTS , rl;l'rivcr has many parts. The 

In 0111\1 facturers a f parts a re in 
these days of hustling for busi· 

ness subjecteJ to <I" aggravation of conditions 
which obtain always exn:pt when the supply is 
less than the demand , 

We refer to thl' practice of requiring parts 
manufacturers tc) prodlln: and submit samples to 
specification-oftcn several s;lIJ\pk~-at shop 
cost or no chargc, la\'\:I' SUblll i ttillf.!: selected sam­
ples to other mall\! fa(;ttlrl:rs for pri'cc quotations. 

It would seel11 ('h:n tl\(, Inal\lIfarturcr who 
makes a nomillal, 1I 0n-pI'0Ii(' rh:lrgl" for samples 
which meet th e rcqu i n: II](: llt~, sho ll l d be given a 
break in quoting ('()l1Ipditivcly with other manu­
f acturers who ha vc becn to no npcnse whatever 
in producing' the s:lI11pks. Tn fairness the com­
pany making up the :J\; lcctcd sample parts should 
be granted a margin (111 their bid to help defray 
the cost of sample maKeup. Either this or other 
bidders should be l'cqllit"cd to include in their bids 
the cost of the makl!l!p of the samples-this 
amount to be creditcJ to the maker of the sample 
in reimbursement. 

Plainly, here w~' have one of the ills of 
modern industry, and Olll' that organization should 
be able to cure. 

dJfrncJ~~~cot 
Editor. 
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In this FREE BOOI( ... Scientists tell 
which fastening device holds best! 

FOR weeks scientists of the College of Engineer­
ing, New York University, tested the holding 
power of fastening devices to determine whether 
Self-tapping Screws, noted for economy in assem­
bly work, have greater or less holding power 
than the fastening devices they usually replace. 

The investigation was unhiased and thorough. It 
developed much new data on the holding power 
(If fastening devices under tension, shear and vi­
bration stresses. All of the information is given 

in the free booklet offered here. It is illustrated 
with photographs and charts; and also gives a 
scientific explanation of why fastenings roade 
with Self-tapping Screws are more secure. 

Every design and production man will find this 
book interesting and informative. Simply mail the 
coupon below. With it we will send, free, another 
valuable booklet which shows how leaders in 
the metal working industry are effecting import­
ant savings in the assembly of their products. 

PARKER-KAlON·d/ordened Self-tapping Screws. 
PAT". "'"' u. S. A~D fOP't:fCN C:O"NTAIItS 

ti 
n :u-,.ru,jil"li. uar\llt,"\ 

.... -- ----- ----------'--- - .. _--_ .... -- .. ""''''' .. ""' ......... - ........ _--_.- .. _-_ ......... -------_._--_ ........ -- .. 
PARKER-KALON CORPORATION. Dept. L., 190-198 Vadck Street. New York, N_ Y. 

Send we tbe free Security nooklet. AI,o free book of assembly economics. 

N a 111 e n n d Co .. ---- -------- ---- --- -- ----- - .- ------------------------------.-----------.- ----------- -----------
..... r.Jot ... G4". 
j .. -4 ...... -r. I 

..... y .... ,\.G, A ,I d rCBB·- -- - - - - -- _ ... ------ . ---- -- - -- -------------------- ---------------- - --------------- .------ - -- - - - - - --- --_ • 
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Hygrade 

Fortified Against Breakage 

Tlils .ketch of the lat~st Hygrnde 280 
(pa tent applied for) £how, the mica 
spreadu (A) holding the pJatu in posi­
ti"e proper alignment and (B) keeping 
the fiiamellt in prOper positiQn in rela­
tion to the pine. 

What Happens to 
Old Style Tubes 

A !('vere jolt and sometime. a light im­
pact Can de&troy the effectivene .. of old 
t yPt! tube&. Ma.n y :l. set malte r h;u en­
countered thi, dan!:~r , e,peciall y in 
.hipping tube~ IMtaIled i,. the set. 
H ygradc end, this 10" through break­
age by oupplying the fortified tube. 

• gives 

latest 
• 
In 

tube 

RADIO ENGINEERING 

you this 

development 

improved 

construction 

FORTIFIED TUBES BRACED 
AT STRATEGIC POINTS 

T HE illustrations show why it is that Hygrade 
Tubes can stand the jolts and jars of delivery 

in the set without danger of inoperation or distorted 
reception. Vibration and rough handling cannot 
interfere with the space relation of the elements 
because they are braced top and bottom. Hygrade, 
supplying fresh, latest design tubes, offers to set 
makers the immedia te ad van tage of fortified 
construction. 

Hygrade facilities permit the economies of quantity 
production without sacrificing uniformity or qual­
ity. New developments constantly growing out of 
our engineering research arc instantly passed along 
to the customer, for our inventory is small, assuring 
the buyer of fresh tubes of latest improved design. 

HYGRADE 
RADIO TUBES 

"Tubes You 9 Can Trust" 

Made by HYGRADE LAMP CO., of Salem, MC1SSa chllsetts, Make1"S of Hygl'Clde Lamp Bulbs fOl' Over )0 Years 
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Announcing Tung-Sol Balanced 
Unit Electrolytic Condenser 

THE manufacturing precision and engineer­
ing skill which for years have been identified 

with the name Tung-Sol, immediately stamp this 
Tung-Sol condenser as a hlgh class, reliable and 
mechanically perfect product. 

The Tung-Sol Balanced Unit Electrolytic Con­
denser meets price as well as engineering toler­
ances. We will gladly submit samples and prices. 

ChRl"4cteristic CUM"e chart 
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The following are charac­
teristics of Tung-Sol Electro­
lytic Conderner at 1400 F 
(average operatin/, temper­
ature of modern radio sets). 
Leakage CU rrent per 8 M. F. 
.85 M. A. Power factor 15%. 
Capacity 8.35 M. F. 

~ CfiARACTEII.\snc 

O~cUJ0l:5raln .nowrng pOUJo r fu t lor TuOm 

/cm~rO/urc 

4 

JO 

20 

!O 

90,," 

2. 

80" ,OX 

I 
4 6 

~ V ,I. CURVE S Of 

l- V 
#;)1070 EI..£CTA.OL Yr.C - .... f~ CONDENSER 

flOWEA. ~ACTOQ,. 
60~ S~ 40" ~o>: 20"1. 10% 

MI~LlAM~(P.E L£AKACr AT '1<10 VOLTS OC 

e 10 14 16 

TUNG-SOL CONDENSERS INC., Chica~o, Illinois 
Division of TUNG-SOL LAMP WORKS INC., New'ark,' New Jersey ' 

Manufacturer TUNG-SOL RADIO TUBES 

20 
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S ILENT AUTOMATIC 
TUNING . • • • • • • 

VISUAL STATION & 
TONE INDICATION 

made ponible by 

------~~~------
1UIM_ -A:lDTIE 

PATENT ~ APP.fOR 

AutOrnalic volume conlrol in cadio sets is unquestionably a 
disdncl improvement, yet in many instances it has proved a 
liability because of a seeming Joss of selectivity and the appar· 
endy high noise level which it introduces. 

• • • • • 
A new type of gas filled tube developed by Duovac in conjunc­
tion with a simple novel circuit designed by Professor Alexander 
Senauke, eliminates these disadvantages and permils full appre­
ciation of the ceal merits of automatic vo lume control. 

• • • • 
Silent tuning is now possible. Every audible stacion on dial 
can be brought in unerrin~ly even Ihough the volume control 
is turned down (0 a poine where not a sound issues fcoro the 
speaker. Extraneous noises. static and other electric distur­
bances will not actuate the light column. 

• • • 
Circuit modifications for adopling TUNE.A-LiTE are slight. 
The economies effected in power pack design Ihrough the 
use of TUNE-A.LITE, more Ihan moke up the cost of the tube 
and of addilional equipment. 

Manufactured by the makers of 

*The Precision Radio Tube 
DUOV AC RADIO TUBE CORP. 
360 FURMAN STREET, BROOKLYN, N. Y; 

A small column o( 
startling brillillncc 
a ppears in the TUN Il· 
A·LITE RS 11 stRlion 
is approRched. 
This column o( IiKht 
rises to irs mRximum 
height as peak re­
sonance is rcached, 
then gradually di· 
minishes os thc sta· 
tion is paned . 

• 
W orkin~ model~ of the 
TUNE·A·LIT/! w11l be 
exhibited at the HOlel . 
Sherman during Ihe 
1. R . E. Convention. 

• 
Duovac repre~entalive~ 
will be ot the Hotel 
Slevens durlnl{ the en­
tire week of the Radio 

Show. 

RADIO ENGINEERING 

TIlNE·A-LITE possesses 
tremendous sales appeal, 
compelling eye value and is 
an absolute necessity for 

A. V. C. sets. 





GILBY A DEPENDABI-,E 

SOlTRCE FOR TlTBE MATERIALS 
and electrical resistance alloy products 

FILAMENT. OUI' Engilw.~dll~ III1fI PnllluClion Departments in 
strict co-operulion wilh c1,·".~lullIIlI·tll .. ullcI u.· .. omplishmenlS, have 
won the c()nficlmll"~ 01' IIII' Hlltlill TIIIII~ J.ulu"'II'Y for supply of 
Rndio Tulle Filum(·III... Thi .. WIVI hl"Hlght IIhuut hy absolute 
('oull'ol of Illllh~I'illl, hy .. lIc·,·c, .. "I'IIIIy IIwc:ti"l{ I'i;!;id specifications, 
lind hy dllplil·"till~ IIIIHII'uh,ry cl,·""lupIlWlll .. ill IIc'lunl production, 

(;100 1'1, ·\'1'1 ·: ·,/\n OTlllm \J.\TEICJ ·\I,S , CILIa WIRE 
COMPANY C'III1 lIupl'ly IJlln' lIi"k,,1 111111 \'11"'111111 111111)'1'1 rOl' the 
('\II'I'I·('t workin,.; III' Ihc'''I' I'"rll'l, (;I/.(;UII) No, '''0, wlliet. ill 1I nt'-w 
gl·i.1 wirl', i" th(· lull'MI dc'\,C,I0I'I1H'1I1 fill' till' inl("·ov .. cI grid. 

\IESII . CILBY SELVACE ME~H nnd pluin mesh are IOllg lillie 
IItmulul'ds. 

CAHBONIZED ~JC((EL. GILBY WIRE COMPANY has heen 
a reliable source for uniform and improved carbonized nickel 
sheet and mesh. We will co-operate with your Engineering 
Department in developing the proper carbonized material for 
your product. 

HESISTAl\CE MATERIALS. As in Radio products, GTLBY 
WIRE COMPANY'S Engineering and Production Dcpartmeills 
have accomplished rcal things in the improvement of resistance 

materials in nickel-chrome, copper-nickel unci allied 
materials. 

EN(;TNEERJ~G DFPAHTMENT. GILBY WIRE 
COMPANY'S Engineering Department is our ('olllcihution 
to the industry in that we arc developing rH~W products_ 
improving processes continuously in orlie,' to meet 
l"equirements of the Radio and EI('ctri('ul industries in 
these days of over night demand for new and better 
materials. Our methods confOl'm to most rigill specifica­
tion!!, thereby cutting down shrinkage, so esscntial in the 
prescnt business world, Specif,. CILBY products, and 
your production costs will he reduced. 

GILBY WIRE COMPANY 
Wilbur B. Driver, President 

NEW ARI(, NE WIJERSEY 
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ockets ~ 
mousetraps 

<lIf a man write a beNeT book, preach a 
better sennon OT make a better n\.OtLSe. 

£Tap than hu neighboT,-though he build 
his house (n the woods- the world will 
make a beaun path to his dooT." 

-Emerson . 

• 
Substitute the word "Socket" for "Mousetrap" 

and vou have the CRC picture! 

· ••• Beloit, Wisconsin, is far enough from 
the centers of Radio Set production to justify 

the phrase "in the woods." 

· ..• Yet - CRC Sockets-made in Beloit­
are a vital part of receivers manufactured in 

every civilized country on the face of the globe. 

· ... From England .. Australia .. Sweden .. 

Siam" South Africa" China" Japan" South 
America" France" come orders-figuratively 

"making a beaten path to our door." 

· •.. In 1930, CRe made and sold more 
sockets than ever before in it's history. 

• • The reason? 

eRC Sockets are better Sockets! 

• • 
CENTRAL RADIO CORPORATION 

Beloit .. Wisconsin 
Reftre.rentotivn-

R . C. JAMES &. CO. • • . . • • S~attlc. W",hloKton 
PAt;L R . BUEHLER . <W6 Harrh Buildine. Loo Anl!~le. 
A. C. SIMMONDS, 218 Front St., Toron.o, Onbrio. Can. 

Page 11 
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SEE AEROVOX EXHIBIT AT RMA TRADE SBOW-BOOTH NO. 

AE8()VOX 
The Most Complete Line of Screw 

Mounting DRY Electrolytic 
Condensers in the Radio 
and Electrical Industries 

Type GA Grounded Can 
Dlmen,iQns--l% "x5" Overall, Avoilable in 

capaci'i" up to 8 mlds. In the SOO-volt rallngs 
and higher capacit ies in lower voltage ratihgs. 

Type IA Insulated Can 
OifTlt:nsions-J * ".xSy"/1 Overall. Available in 

c.padties up to 8 mid!. in th e 500·volt caling 
and hi.gher capacities in lower voltagi! r a ting) . 

Type GE Grounded Can 
Maxim~m cai'ilC1'y In 500· voh rating-8 mfds, 

Available in a wide variety of sizes, capacities, voltage characteri5tlcs and mounting features. 
These units are Dry, Low in Cost per Microfarad per Volt Rating, Low in Leakage, Compact, Light 
in Weight, Safe, Surge-Proof, Self-Healing, and provide Long Life, Stable Operation and High 
Filtering Efficiency. Th~y may be mounted in any position-Upright, Inverted, Horizontal or at 
any other angle. .. 

Compact, Eflicient and Reliable 
Condensers lor Many Purposes 

Type 1405. 

A new cJC:tra ,mall size 
mka coodenscr ,""vail· 
ahlt; in (;apa~itl"'''''S up 
to ,OOOS mId. ,. ,ated 
at SOD d.< , voll' to· 
~<~u vohagc and l50 
fl.c . wOlkin g vQlI"'s.e. 
€~v('di1l1y adapted {a,.. 
'IKI;' in Y~ry lim 3.11 
~ pac e, 

~ 
sm· 
IiITt'=I:I 

-
~ 

An 0 the r new 
mid get mica 
conden&cr js th e 
Type 14<12 
.hown at fho 
rogh,. Av.ilable 
i.n ell pacilies \lp 
to ,006 mld_, 

FREE! 

T)'pc 1402. 

A CDpy of a 32-page bDok, c.ontalni.ng 
a we-al th of in forma tlon on all tYPI:$ of 
dec tl"'olytlc condens(Srs ,.-HI be sent Ire..: 
()( charge 011 rcq\le~t. Ju.&t check "The 
HI.Farad Eh.:ctrolytic CondenseY'" 011 the 
accom"anYJn ~ CDUPQn. 

ER()V()X 
~ 

s :r., 
BROOK\..YN, N .Y. 

rot~ 
~~ 

, 
~ " .. 
\ ~'~::~:;: ';~'I: I.':~ ~ 

Typ~ 1120. 

A heat resisting. leakproQf 
\: ()ndenBel" especially adapted 
10' 1J'~ In automobile radios 
and otber applka(iQns whore 
high temperatures are en· 
countered, 

Aek for 

The Ael"ovox 
Research Worker 

The Aerovox Refl:e6t~h 
Work~r is a he~ monthly 
llublication thal wlll kc'ep 
you abr-eaE>t of tb\! latt!'s-l 
devclopme l:!tl:i ttl radi.o. 
YDllr n()..n1e will bl;: pUl ora. 
thl.! ma.i.lin!: list rr ..: ~. or 
Cbnrf.'e on TC'qu(?:.sl , S.m· 
ply ~hock and mail the 
accompanying coupon. 

Typo 280. 

1\ compAct c;onde:lts(!'(" made to meet mnllufac,... 
tu rcr &: ' ruquirUJl..h!'Obi for an all· Mound 
.,md ent. high quality .nd low CQJ\ con­
d enser. ThtsQ uoi.ts arc honne:ticaUy sealed 
In sp~d',l l\,b"" ""d providtd with wi,~ 
load .. 

Send for Complete CataJog 
Comv1Gto :lpoclfiC:iltions or aU Ai!rovox 
U<lll., lndudlnll' In."laUoD .pcdf\~allon. 
of cond~n .. C'r&. carryIng capacitl~. of rc ... 
51.tors Dlld all ,fhyalc.al dlmvru~lon" 
~Ioc:trit'al chtlractCI"18tlca and 1l5t prlce!§ 
of conden~era and r~al.tor.. nrc c:on­
tAlned In " completu 40-paj'u 1931 Co,,­
dun.er an~ Ros18tor Manual and Catalog 
50nt free on r('quest. 

Check and Mail Thia Coupon 

AJ;;ROVOX WlRELESS CORP. 
70 W.uhihgton Sl ~ 

Ratllu EfJ!,rjl1e~"1 no. 
ju",:. IgJl. 

BroDklyn, N. Y. 
CentJemen~ 

P)~a~e- send Ine: W'jthaut I;harge Or" obligllltJDn: 

Name 

Str"cct 

YOUr" 40·page Condens(!r and Rc&l.~tor MaIlual 
and C3talogu ,-=. 

The R~!i,-'arch Wor-Ker' . 
The I-li·Farud Lh:ctrolytic Conde hser. 

City . . . . . . . • . .. . . . . . . . • . . • . . State ... , . .... ..• 
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FOR THE NEW RECEIVERS ... 

SPEEO TYPE 235 

NEW!! 

FOTO-LECTRIC 
TUBES 

NEW!! 
24·7-PENTODE 

233-PENTODE (2 Volt) D.C. 

235-VARI·MU SCREEN GRID 

551-V ARI-MU SCREEN GRID 

236-SCREEN GRID (6 Volt) for D.C. 
or Auto Bets 

237-DET-AMP. (6 Volt) for D.C. or 
Auto sets 

238-PENTODE (6 Volt) for D,C. or 
Au~o sets 

NEW!! 

Caesium Gas Filled Type 
(Red Sensitive) 

Products 
Quotations 
Sales Plans 

Adjustment Policy 

Write lor details or get them 
at the Cable Booth at the 
R.M.A. Trade Show. 

Numerous· types, for 
All Standard Equipment 

R,M.A, Trade Show 
Booths 72-73 

Batt Room 
Stevens Hotel, Chicago 

SPEED TYPE 241 

CABLE RADIO TUBE CORP_ 
230-242 NORTH 9TH STREET 

BROOKLYN, NEW YORK 

Hotel Headquarters 
2118A, 2119A, 2120A 

Stevens Hotel, 
o Ch{cago 
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RADIO ENGINEERING 

ndJ!!:'RMSCO 
Fine Products for Ten Years 

MANUFACTURER 
OF RELIABLE RADIO PARTS 

DeJ ur-Amsco products range from the tuning essentials 
to accessories. Our tuning condensers are high! y efficient 
and are made in a variety of electrical and mechanical 
designs, Our special oscillator crack ing condenser sim­
plifies single control superheterodyne design and eliminates 
the expensive and unsatisfactory padding arrangements. 
Also for superbeterodynes, are our Transitors- high &<lin 
intermediate frequency amplifying transformers, made in 
four types, meeting every I-F requirement, DeJur-Amsco 
rheostats and potentiometers are noted for their sturdy 
construction and longevity. They are manufactured in 
a wide range of ohmages and power ralings and .find a 
universal application in electrical and radio fields . The 
OeJur-Amsco Varitor is a small' semi-fixed condenser, that 
answers several requirements in the modern receiver. Our 
dials, friction drive, direct drive, full vision, sector vision, 
an d E'SCU tcbeons, are accessories that can tribute the final 
touch of beauty comparable in their own way to the electri­
cal efficiency of our more fundamental parts. DeJur-Amsco 
parts are engineered in our own research labora tories, and 
ten years of successful experience in meeting the needs of 
the manufacturer insure their adaptability to your own 
req uiremen ts. 

VARIABLE CONDENSERS 

TRANSITORS 
(High Gain I-F T~aD.forlllel'&) 

RHEOSTATS 

POTENTIOMETERS 

POWER RHEOSTATS 
(For Heavy Duty Work) 

ESCUTCHEONS 

DIALS 

VARITORS 
(Small Semi-Filled CondeDAen) 

PILOT LIGHTS 

BINDING POSTS 

CONNECTION STRIPS 

Wrlt~ for literatlJre Jet1~ribing the co",,,IlJt.e 
line. of DeJur-A,"&#:~ RaJio Manaulac:turer¥, 

part • 

I2~_!!~::RMSCO CO~PO!\ATION 
95 Morton Street, New York 
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No Other Electrolytic Condenser 
Gives ' You All These Features! 

@--

SPECII~Y l'\C Ri\. CON * 
... ~ND GI~T THE BEST 

ONE glance at the illustration 

will convince any engineer 

construction. 

shows 19 reasons that 

of Acracon's superior 

1. Metal cOver for prote.ctlon Bnd 
DPl,earance. 

2. LIve, >'Dbb .... nipple. 

3. Nlppl ... pun Into alumInum .hell. 
Absolutely leak-proof. 

4 . .Anode 8I>lral cold welded Into 
aDode. &'Iving rlirid construction.. 

5. One plooe c..xtruded alu.m1num 
contuJuer. 

6. RetalnIn&, Bange for rub b e r 
giOfIket. 

7. TaperM anode stem tor onug fit. 

8. Larlre cadmlu.m I.la ted.teel 
nlountJna- nut, eoncl\.ve to in8ur6 
tight connootlon. 

O. %"-16 throod neck lor tnOlllltJng. 

10. l>lotal wBbher. 

11. Anode nut. 

12. Anode lolder-Inll' tab . 

13. La .... e IIze InoulatInjf "'BOher. 

H. l.· .. Dered bole t~ take tuDe .... d 
lUlode. 

15. Spedal live, rubber In.ulaUnll' 
jfalket free froUl imvurltlo". 

16. UeQ"Y, rigid. AIlode 8tom of hlrh 
t>urn,. alumInum. 

17. 9lgh I>urity anode, 8Dlral. 10 
wound 9.8 to elimInate HIe nece8-
Blty of In8ulatln2' Unor be.tween 
anode and contaIne ... 

18. SDeclul. blll'h, critica.l voltage 
electrolyt<>, well over- anode to 
lnlure lonll' Ilt". 

10. lAla.k-Droof .. oUed .... m ... uHcd 
In .,..nning Industry. 

Exhaustive laboratory tests by many leading engineers have 

proved Acracon's electrical efficiency. Yet the Acracon elec­

trolytic costs no more than other makes. 

The Acraeon unit is now available in capacities up to 16 micro­

farads at either 440 or 475 volt peak in the single anode type. 

If you are not already specifying ACTaeon, write today and learn first hand why ACTaeon is fast 
becoming the choice of the industry. 

• All Acraeon Featurel ,"r6 Protected by Pa.t.enh Pending. 

CORPOR.t\TION 
259-271 CORNELISON AVE. 

Chicago 
Cincinnati 

Factory Repre.entative. in: 
St. Louis 

San Francisco 
and other Principal eitie, 

OF A~IERIC~t\ 
JERSEY CITY, N. J. 

Los Angeles 
Toronto 
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THE INVERTED TYPE (8 Mid.) 

ELK ON 
NON-A QrJEOrJS 

HI-VOLT CONDENSER 
The new Inverted Type 8 mfd. Elkon condenser meets 
the standard requirements for a unit to be used on sub. 
panel wiring jobs. It has the same outstanding character­
istics as the other Elkon Non-Aqueous Hi-Volt Con­
densers which have been adopted as standard equip­
ment by man y leading set and instrument manufacturers. 

1 Highest Filtering Cllpaclty n f 
an)' electrolytic condenser, 

2 Working Valhges-,.p to 450 
v ., d. c., to meet the varied 

requirements of present radio 
se~$ . 

3 Absolutely Dry: A condenser 
from which all free water is 

eliminated. 

4 Low Leakage: Normal rated 
leakage 0,1 mil per mfd., 

after operating short period. 

5 Imperviolls to Low Tempera­
tures.: Operate, efficiently 

from minus 40 0 F to 12r F 

For Production Economy use the , 
ELKON Condenser WITHOUT THE CAN. 

Many manufacturers have substantially reduced their 
condenser costs by using Elkon condensers without the 
can. The illustration at the right shows how they can 
be mounted in the set. 
The metal can is not necessary with Elkon condensers 
as each unit is enclosed in a sturdy, wax-dipped card­
board container providing ample protection for effi­
cient operation. 
Samples of Elkon condensers without the can in any 
capacity or combination of capacities will be sent to all 
recognized manufacturers. 

Send for booklet giving complete technical data and general de$CTiptlon. 

ELKON DIVISION 
P. R. Mallory & Company, Incorporated 

Indianapolis, Indiana 

6 Long Lile: To mduce replace­
) "'I'"Is (lnd interrupted sen" 

in' /1(T'Oc/S to a minimum, 

7 Sell Healing: All surge voltage 
c()llt/i[ions encountered in 

/11'1>/'''.-/)' designed sets have no 
t/",dJllcntal effect on the Elkon 
l;(lHtil."'l.'fcr. 

8 Compactness: Small cubical 
"olume per micTClfarad. 

9 Stability in Opel"illtian: To 
~lIurd agalnJJC mechanical 

al1'[ electrical variation that 
(I~lId ,I affect action of the 
cLn .. '" it. 

1 0 low Cost Per Microfarad 
Per Voltage Rating. 

If your set Is alrelld, desi&ned far 
condensers on top of the chassis, 
the Elkon condensers ma, be placed 
under an inexpensive drawn met" 
cover, 

otherwise-

f ~the condensersiitiiy'-bemounteij'­I directly to the underside of the 

I . c;hassls eliminating the tIItlre cost 
IIf metal can or coyer. 
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r MAGNA~OX RoJa 
~-( ~\4 dP.~!!~~.!! ~~ 

Does Your Speaker Diaphragm 
Give Full Frequency Response? 

Do you reali?;e how much the weight, 
texture, and contour of a speaker diaphragm 
can change the performance of a radio 
receiver? 

The research engineers of the Hawley 
acoustical laboratories have evolved a pat­
ented process of moulding one - piece dia­
phragms to m.eet the individual rcquirelllents 
of any umt. The gain in purity of tone and 
range of response is truly astonishing. 

Hawley engineers are ready to demon­
strate what Hawley Moulded Diaphragms 
can do for your speakers. Follow the example 
of world-famous radio manufacturers and 
adopt these remarkably efficient diaphragms 
for your units. The Hawley lahoratories arc at 
yourservice-and the Hawley plant can handle 
any diaphragm output that your schedules 
may demand. Let us quote you, today I 

~N sose" s \ ~ (;. 
~~ 

=-
p8ER SM\1H S 

BEST 
lJ\. l. l4 CIlOSSE R. 

Boudette 040/0 

HAWLtY 
MOUl D ED a DIAPHRAGMS 

HAWLEY PRODUCTS COMPANY, 201 N. FIRST AVENUE, ST. CHARLES, ILLINOIS 
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R. M. A. 
Booth No. 121 

Radio Engineering congratulates the R.M.A. upon their 

fifth annual Trade Show and seventh annual convention 

and the I.R.E. upon the occasion of their sixth annual 

convention. 

Radio Engineering headquarters from June 4th to 

June 13th will be at the Hotel Sherman. 

Extra copies of the June issue will be available at the 

Sherman and at the Radio Engineering booths. Drop in! 

RAdio Engineering 
Paid A.B.C. Circulation 
(latest audited SIB te­

meRt) 

10,327 

The ciOl!e81 competitor 
(among electronic and 

radio pu.bHcatiORS) 

5,217 

I. R. E. 

RADIO ENGINEERING 

Booth No. 150 
r>ClTQ. Tbe A.B .C. J16id cir­
culation of Radio Engl" cer­
lag Is approltloouteiy tWICe 
tbat of aOy otber rltdlo (or 
electroolc) publlcatlon­
DaJong tile executlves Bad 
cnKII"'''~S of the ""dlo and 
newel" t l'<1 Indu.trles . 
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~'I'm Smaller than other fellows------

Sm.all tile and efficiC"r\1 opeTation. ar4,;: 
the OHr!OC8ndlng Chsl·I::"'~.teriSI~CI u( ,he 
Elkon Audio By,p"" C<>ndcMcTI . They 
~rc covcrr.!:d with rf\,-~ a:amcfYoe o (.Ii tu I"Jy, 
wax.J:ipped Q,rdboard ~rlon wh ich i. 
bciog u-'~t"(1 KO l'Iu,:c~(\l1\y em. thcsltlnd· 
9rd EI!c.on Fllrec Conde"""",, 

Cll.P~ity 

II. mfd 
'At m(d 
J mfd 
2 mid 

V, m£d 
1 ",fd 
2 ",Cd 
4m£d 
Bmfd 

Siz~ V"ltall~ 

1",,,,/,x2 450 
'/ax'hx2 450 
'A,,'l.x2 450 

I" 1 x 2 450 
'h"'/,xZ up I£> 150 
'At x liz x 2 up co ISO 

'1.,,'1. .. 2 up to 150 

1 " 1,,2 up to 150 
I" 1 ,,2 up to 150 

A 'Special m.ollnring 
band for lSlHcn.jng 
co nJens.crs to the 
chaS$ls c~n be: tU~ 
plied If deolreJ, 

But I do a MAN .. SIZED JOB!" 
"I'VE been through an awful lot in the past few 

months. I've been tested and rebuilt and tested 
again untilI'm tired of looking at Elkon engineers . 
. . . • Just as I began to think I was perfect, they 
sent me out to a lot of other places where I was 
put through my paces again and again ••. Rather 
rough going for a long while but I guess it was all 
for the best because I know now that I'm ready 
to start out on my own ..• Thank heavens that I 
won't have to go back to those Elkon engineers 
again, -they're the testingest bunch I've ever met." 

That's his story-and he sticks to it! For our part 
we're rather proud of the job. The Elkon Audio 
By .. pass Condensers are small, compact, efficient 
and economical, -with a life-expectancy in excess 
of the usual set requirements. That's just about 
the full line-up for, an ideal audio by-pass con .. 
denser! , ':' 

"S 
Samples will be sent upon: request to aU recog- . 
nized manufacturers. 

ELKON DIVISION 
P. R. Mallory & Co., Incorporated 

Indianapolis, Ind. 

ELI(ON BIA~~t8S CONDENSERS 
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aVow 
I 

MODEL F 

Vi>i! tha RaiD e~hibit 01 .he R,M.A, Trade 

Show in Chicago, Jyne 8-12 . Boolh 

Sl · A In Ihe HOlel Steven. Ballroom 

ROlA 
SPEAKE RS 

Forhetter 
Radto Reception 

ROLA'S 

for 

MIDGET SETS 
• 

THE ~ompaclness of this neW Rola unit with its high 

efficiency and sturdiness of design makes it flrst 

choice for the midget set. It gives to the midget radio 

a clearness and depth of tone rivaling the larger sets. 

Its low cost and ease of installation allow you a wider 

margin of profit - give you added reO sons why you 

should specify this newest Rola speakerforyaur midgets. 

Rola Speakers have continually demonstrated their unequaled ability to 

perform well. A prod wet of specia lization, built in a pia nt devoted to loud 

speakers exclusively, these speakers have won the canflde,nce of outstand­

ing radio engineers and manufacturers. More than a million units now 

in use testify to their dependability. Full po rtieulors concerning the entire 

Rola line is now at your disposal. Write today I 

THE ROLA COMPANY 
2570 Suporior Ave . Clevoland, Ohio 

Manufacturer> of loud Speoker Unit. 10' Midgel .. , Aulomobile and 
Console $el •. .. Also high power Loud Speake", for Public Add, ... 

Systems and Tolkine Picture •. 
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For Full Benefits of 
Transformer Knowledge 

Call 

/ 
I 

on 
JEFFERSON 
SINCE such a large "slice" of 

the satisfaction your radio 
gives depends upon the trans­
former you use, make sure you 
receive full value for every dollar 
you payout, 

The small transformer has al­
ways been Jefferson's particular 
field _ , . aod in this field ic has ac­
quired a worthy and sound repu­
catioo built on performance, and 
hy word of mouth wherever en­
gineers get together. 

Tap a good job of transformer 
design-and you usually find 
Jefferson had a hand in it. Trace 
a manufacturing activity back to 
its rootS and you usually fiod 
Jefferson pioneering a genuine 
step forward when that advance 
was needed. 

Such is the story of Jefferson's 
activities in the radio-, rhe oil­
burner-, the Neon-sign-trans­
former fields. Development after 
development can be pointed ro­
as the achievement of Jefferson 
engineers, and, first in the field 
with' a practical radio trans­
former, Jefferson has also kept a 
step ahead of current engineering 
thought in every transformer it 
makes'. 

Because Jefferson operation is 
standardized, the small manufac­
turer, as well as the large, reaps 
every benefit of Jefferson's ex­
perience and Jefferson's wide 
COntact. Those benefits include 
a surprisingly satisfactory price. 
Let us know what your specifi­
cations and requirements are, 
There is no obligation. 

You Receive From 
JEFFERSON 

An experieace which includes 
every small-transformer problem 
and development of radio. 

Engineering ability which hali 
pioneered many of mday's taken­
for-granted improvements. 

A wide and (horough gr-asp of 
the field including not only coday's 
problems but rhose of tomorrow. 

Adequate manufacturing facili­
ties-a variety of standardJelferson 
transformers to choose from CO 
meet your exact requirements. 

JEFFERSON ELECTRIC COMPANY 
1599 South Laflin Street, Chicago, Illinois 



r 

• 

Page 22 RADIO ENGINEERING 

A permanent magnet 
dynamie 

Jensen research scores again! The new Jensen 

PM-l marks the most important advance in 

the radio industry since the introduction of 

the Jensen Electro-Dynamic. Its tone quality 

is electro-dynamic, yet it requires no field coil 

or separate power ' supply. It is particularly 

designed for use with battery operated sets 

and for hotel room and apartment installations. 

It is unusually compact and light in weight. 

f NEW MODEL SPEAKERS 

BIG in performance - compact in size. The new 

Jensen Model J-l, Concert Jr. Electro Dynamic 

Speaker, with 6 -inch diameter (overall) cone, is 

designed to meet the latest l'equirements in set 

design. Its appearance is an absolute innovation in 
Electro-Dynamic Speaker Design. All connections 

completely enclosed. Actually hear this new 

speaker to convince yourself of its superiority over 

any other unit of comparable size. All of the 

new J enseu Speakers wfll be on display and 

demonstrated at the R. "M. A. Trade Show, Stevens 

Hotel, Chicago. Literature mailed on reques t. 

JENSEN RADIO MANUFACTURING COMPANY 
6601 S. Laramie Ave., Chicago, Illiuois 

A new eleetro-dy!!amic 

JII. 
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From copper bar to finished 

product, every operation in the 

manufacture of coils is performed 

in General Coble plants. Com­

plete responsibility for fa brica­

tion of coils rests upon General 

Cable. 

Interpret that responsibility as 

broadly as you will. It embraces 

the maintenance of quality 

manufacture and the capacity to 

su pply your needs for coils of any 

kind, in any quantity-qui<=kly 

and dependably. It includes the 

tireless search for better coils­

better magnet wire, better 

• 

methods of application-greater 

economy in production. 

To effect such results General 

Coble marshals coil experience, 

manufacturing facilities, research 

laboratories, and personnel of an 

unusual character. Dudlo, Rome 

and the other organizations now 

part of General Cable supple­

ment and strengthen each other. 

One responsibility covering all 

factors, converges upon a single 

purpose-the assurance of un­

equalled satisfaction in the pur­

chase and use of General Cable 

Coils for your products. 
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By AUSTIN C. lESCARBOURA 

ON TO 
CHICAGO As th ese lines' a re being 
written, the thougbts of tbe enti re industry are centered on 
the forthcoming RMA Trade Show at Chicago. .l. t seems 
good to have the big gathering once more in the W indy City, 
which is more conducive to good sound bl.lsiness than t.he 
balmy atmosphere of Atlantic City. 

There will be less whoopee and more hard work at this 
show than the radio industry has ye t witnessed. 0 f course 
there will be more of the" £01101'1 the leader" complex thall 
ever before, for any student of the general radio situati on 
knows that most manufacturers have been waiting for the 
show in order to formulate definite plans. While the origi­
nal intention of the RMA Trade Show was to present the 
forth coming season's ofierings to the jobbing and retail 
trade, it has become increasingly apparent in late years tha t 
its main purJ)Qse today is to try and tind out what competi­
tors have up their sleeve, so as to formulate one's own plans. 

We sometinws wonder whcther or not the RMA Trade 
Show ~hould be held in June. To our way of thi nking, it 
might be better to hold the event in the spring, 50 as to 
get the sC.1S0n under way that much sooner. Or perhaps 
it mlgbt be betkr not to hold a show that tends to hold up 
definite plans until the last minute. Perhaps the industry 
would benefit hom a policy of "no yearly models, hut steady 
improvements and refinements," after the fashion of sound 
automobile merchandising principles. 

• 
KILLING I 
THE GOOSE . . , T IS rumo[(;(l and qUite ;icrsistently 
that the greatest dumping party yet witnessed by an i ndu5-
try grown almost callous to dumping, is about to be held. 
The delails are rather vague, but in a general way it seemS 
that one organization with an inventory ° i 30,000,000 

tubes or better is about to dispose of the entire stock OIL a 
ghastly low price, 10 a well · known dealer ill disu·,:.,s 
merchanrlise. 

We do not know whether the facts are as rumored. vVe 
do nOl even kllow whether this grC;l!Cst of dumping p;lrt ies 
will take place. BuL we do know that j f such a dump. 
ing party does take place, it is going to have a disastrous 
and lasting effect on the we.I fare of the radio tube indus· 
try, so far as most tube manufacturers, limited to the 
production of I'ecei ving tubcs only, are conc~rned . 

Already certain department stores an: selling- radio 
tubes of reputable make at prices heretofore associated on ly 
with nondescript tubes and obvious rej ects If the dump­
ing party above mentioned takes place, still lowl:!' pri c,'s for 
reputable tubes will become commonplace. If there arc 
30 ,000,000 lubes involved in the deal, at least half the ycar's 
market will probably be filled, leaving the balallce to be 
served by a superabundance of tubes, resulting in violent 
price cuts. One thing is certain: the old goose will be defi­
nitely killed. There will be no golden eggs i 11 this radio 
tube business for years to come. Many will pass out of 
the picture. 

A big inventory is certainly bothersomf', we must admit. 
But to dispose of the inventory at one iell swoop by un­
loading th " tubes at a ridiculously low price is certainly 
no brilliant busine~s mov~ . 

THE BIG 
KILLING TH~SE wlto would have us 
bel ieve there is no money in the radio industry, hav~ 
fai led to gi ve due thought to the legal gentlemen engaged 
in settling the disputes of our worthy brethren. The 
legal battles of the past have bl:(,l1 as so much cbicken 
feed compared with the millions and millions involved in 
present legal actions. Which makes one wonder what it 
is all a.bout, ilnd who is going to benefit out of this see­
saw game of heads-you-win, tails-you-Iose decisions as 
a given case rrogresses from one Court to the next. 

"Ve wonder just where the automobile industry would 
be if it followcd the same practice as the radio industry. 
It appears tbat the automobile industry long ago decided 
upon sensible patent pooling, and that today the individual 
automobile lllallll lactu rer pays only a few dollars on each 
car for the llatcnt rights required. If the individual 
automobile lllallufactllTer had to pay 7Yz per cent or be 
constantly in cOllrl, he would be quile unable to give the 
value and to lIIake the profit now prevalent. 

Sooner or later I his industry .of OUTS has got (0 get 
the patent situatiull ~eliled . The settlement will call for a 
degree of sincerity th"t docs not as yet exist among radio 
manufacturers. Thcre will have to be genuine patents placed 
in the pool, ratber than lI\ere threats . There will have to be 
a fair royalty rate. There will have to be proper I'espect 
for all worlhy patc\lt~, hy the largest companies quite as 
wel! as the smallest. TIi~l'c will have to be less pussy-footing, 
so that patents of dUllhtful validity can be given the acid test 
in determining tbeir gCll\\;ne worth. We must come to 
SOUle such pass IJcforc r :ldio definitely emerges from the 
racket stage . 

• 
DIVERSIFY I 5 

U i'vlEO N E. 11as said thal the 
radio industry is geal'l:d to proc.lu~e 25 ,000,000 radio sets per 
year and probably 2S0,OOO,llOO radio tul>cs. Since those fig­
ures a re just abollt li\'~ to ten times tl1e capacity o[ tbe 
market even in its b;lIll1i\'st lbys, it becomes evident that we 
have too much plan! allli not cnough salabJe product. We 
must dn'ersify. 

Your wriLer h <\~ the h'1'catest respect for the opinions of 
Floyd Parsons, wdl-Iwown industrial writer. M.r. Parsons 
Iws staled recently tli:l! OlIC rcaSf)1\ for the grand crash in 
b\!~i lIess as a whole w:! .' the lack of initiative and diversity 
of products on the pari of i ndllstrialists. Too many indus­
I'rialists insisted all llIaking' the same Uling, resulting' in 
overloading' the market which ~"!;'gcd alld thell broke. 

You might as well learn tJlat lesson now as any other 
time. If you 11ave a big planl on your hands, which is 
ostensibly out of keeping with any demand you can expect 
for the next few years, th~re are just two courses of action: 
fi rst, y Oll can reduce the size of the pl::lllt hy desperate 
measures, and they will be desperate, for it is almost impos­
sible to dispose of plallt space these day~; sc\:undly, and 
more logically, you can develop some new products through 
g ood engineeriug and resea rch. O f course there are many 
new thing'S yet tn be introduced to a p\lblic that has never 
faikr! to re:i)1Qlld to a fresh appea l. 
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No other single organization offers as complete 

and diversified line of radio products as the 

DeForest Radio Company. 

Today the DeForest name is to be found on-

• Receiving Tubes 
Transmitting Tubes 
Special Purpose Tubes 
T ra n sm itters 
Carrier-Current Equipment 
Speech Amplifiers 
Centralized Receiving Systems 
Short-Wave Receivers 
Facsimile Apparatus 
Television Eo,uipment from Home to Studio 

DeForest does not rest on its laurels. Having 

contributed the 

• Audioh or practical radio tube 
Regenerative principle 
Oscillating tube circuit 
Aud io amplifier 
Practical radio telephone 
Practical radio telegraph 
Broadcasting of entertainment 
Outstanding features of 1931 tu bes 

-the very found ations of our present radio in­
dustry, the DeForest organization looks ahead 

rather than behind in serving you. 

Seo our unique DeFored exhibit , during R.M.A. Trade Show, by "isiling 

Boolhl 92, 93, 9b and 97, laein9 main entrance, Hotel Slevenl. Or if 
you prefer, writo for our Silver AnnivC«4ry Souvenir. 
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·.AjeIU representative pieces 
oj Textolite laminated pr~ 
parl!d jor application to 
radio receivers 

General Fabricating Co. 
37 East 18th Street 

New York City 

Electrical Insulation Corp. 
308 W. Washington St. 

Chicago, Ill. 

JOIN US IN THE GENERAL 

ELECTRIC PROORAM, BROAD­

CAST EVERY SATURDA Y EVE­

NINO ON A NATJO:-; .WIDE 

N.D.C. NETWORK 

RADIO ENGINEERING 

MEET-the 

Radio~frequency 

Family of 

TEXTOLITE LAMINATED 

E
XHAUSTIVE tests show that in the radio-fre­

quency grade of Textolite laminated the power­

factor is so slightly changed by wet or dry condi­

tions that humidity ceases to be a problem. This 

distinguishing quality, combined with characteristics 

of easy machinability and mechanical strength, accountS 

for the use of Textolite in leading radio receivers. 

Ask the Textolite specialist at the G-E office in your 

vicinity, or representatives of the eastern or western 

fabricators, to outline the properties of this insulating 

material which make it desirable for application to 

the set you manufacture. 

SHEETS RODS TU BE S 

B}I-4 

GENERAL· • ELECTRI,C 
SALES A 1'i 0 F:NGINEERING Sf.RYleE I N PRINCIPAL CITIES 
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R M A Convention 

at Chicago 

Leaders of radio industry launch 
new start 

THE convention of the Radio Man­
ufacturers Association, Inc., in 
session in Chicago, June 8--12, 
1931, offers opportunity for every 

melio set and parts manufacturer to get 
n new start toward prosperity. 

There are signs on all sides that the 
lenders of other industries have gained 
nil there is to be gotten out of a period 
of business depression, in the way of 
rcadj ustment, and are now in position 
to plan manufacturing and sales cam­
paigns which should lead to a restored, 
but sound, prosperity. 

As the tide turn~ radio manufacturers 
will be found ready to go forward in 
the procession. 

The Chicago show will demonstrate 
this readiness, and will record the desire 
of every member of the Association to 
do his part. 

The officers for 193 I are: Morris 
Metcalf, presidentj B. G. Erskine, vice­
president j A. L. Walsh, vice-president j 
Bond Geddes, executive vice-president; 
M. F. Flanagan, executive secretary; 
li. N. Rauland, treasurer. 

The directors, including the president 
nnd vice-presidents, are : William 
Sparks, L. E. Noble, L. A . Hammar­
lund, J. C. Tully, N . P. Bloom, Leslie 
F. Muter, R. J. Emmert, H. C. Forster, 
Fred D. Williams, J. Qarke Coit, R. T. 
Pierson, II. B. Richmond, G. K. 
Throckmorton, H. S. Hyde, R. W. Jack~ 
son, A. C. Kleckner, E. E. Kauer, ). M. 
Skinner. 

Committee chairmen are: Convention 
Arrangements, Leslie F. Muter; Engi­
neering, H. B. Richmond; Advertising, 
Paul Ellison; Fair Trade Practice, 1.. 
E. Noble; Foreign Trade, Arthur 
Moss; Legislation, C. C. Colby; Show 
Committee, H. H. Frost ; Statistics, 
rr. c. Furness. 

Big Radio Show and Crowd Assured 

In attendance and exhibits, another 
successful RMA convention is assured, 
rlccording to final reports on plans for 
the annual radio industry gathering 
which were received by the Board of 
Directors of the Radio Manufacturers 
Association at their meeting May (4 at 
nriarc1iff Lodge, New York. More 

Bottom, center, Morris Metcalf, President, R. M.A. Bottom, right, Bond 
Geddes, Executive ViCE-President . Bottom, left, M. F. Flanallan, Eltecutlve 
Secretary. U~per, left, H. B . Richmond. Engineering Dlvl5lcn . Upper, 

right, B. G. Erskine, Vlce- President. 

new radio products, induding television, 
will be exhibited in the trade show at 
the Stevens Hotel in Chicago than ever 
before in one year, according to reports 
to the RMA Board. President Morris 
Metcalf of Springfield, Mass., presided 
and received repor ts from Major H. H. 
Fros·t of New York, chairman of the 
Association's show committee, a.nd 
Leslie F. Muter of Chicago, chairman 
of the convention committee. 

Of the leading radio manufacturers, 
130 will have exhibits in the trade show 
for which nearly 24,000 square feet of 
exhibit space already has been assigned, 
with more applications being received. 
The large Exhibi.tion Hall and Grand 
Bali Room of the Stevens Hotel will be 
requi-red to take care of the many ex­
hibits. A larger proportion of manu­
facturers of the RMA will have exhibit 
space than ever before a;t any RMA 
trade show for the last three years. 

Several thousand reservations of 
radio jobbers, dealers and others in the 
industry already have been made at the 
four official hotels in Chicago, the 
Stevens, Blacks-tone, Congress and 
Auditorium. Four special trains from 
the East, three frem the New Yorlc 
metropolitan territory and one from 

New England, already have been sold 
out. Other special trains arc being ar­
ranged from the Pacific Coast, South­
west and other pojnts. The trade show 
attendance will be stimulated by the 
COncurrent convention during the week 
o { J uoe 8 in Chicago of the music in­
dustries and ·the annual "Furniture 
Mart" of the furniture industries . 

M any interesting speakers and enter­
tainment events have been arranged on 
the convention program. In entertain~ 
ment the highlight will be the RMA 
"Stag Party" on Wednesday evening, 
June 10, and preceding this, on Tues­
clay evening, there will be the annual 
banquet. 

Many Problems 

At this convention the manufacturing 
ann sales executives will Ilave up for 
consideration many pressing problems 
which confront the radio industry. 

Most of these problems concern 
merchandising of radio receivers, 
frozen stocks, credits, servicing, re­
placements, and volume of production. 

The opportunity should be availed of 
by all interests to plan as cooperatively 
as is possible in a competitive industry_ 
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In the Bradleyometer 
approximately 50 folid 
.. ,.Islonce disk. are 
inleriBaved belween 
metal disks form ing 
a re.l.t"nce column of 
any desired value. Na 
other re.i.lar offen Juch 
flexib ility or accuracy. 

With 
Leads 

Radio Resistors 
Fixed or Va riable 
for any Electronic Circuit 

BRADLEYUNIT RESISTORS ere mede in Ave sizes, 
with er without leeds. All Bradleyunits ere color­

coded to meet set manufacturers' specifications. 
The,e solid molded resistors are accu'rately co librat­
ed and have 9reat mechanico I strength. Th ey are 
used by the world's largest radio manufacturers for 
provid i ng correct C-bias, plate voltage, screen grid 
voltage and for use os grid leaks. 

The Bradleyometer is a stepped potentiometer of 
most amazing performance. It has astounded radio 
eng ineers who were skept ical of its advertised per­
formance. Any type of resistance-rotation curve can 
be arranged to meet your requirements. Samples 
will be sent to established ma nufacturers of elec­
tronic apparatus, for test and trial. 

Get an Allen-Brad ley quotation on your nellt 
resistor order_ 

Allen-Bradley Co. 
'" w. G, •• e',ldA.. ~) Milwo"k~, Wiscon.ln 

RADIO ENGINEERING 

Typs AA. Double 
S,adlqomo,cr 

Without 
Leads 

~ 
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The variable-mu tube 
and distortion in 
radio receivers 

By A. O. CAMPBEL L~' 

I,ll Imllilimmlllllll lllllllllllllll l ll lllllillmlll!llllllllll!Illl ll llllllllllllllil lmll lllll l llllllllllllllllll lllllil1II~ 

Here is an authoritative account of the principles upon 
which the new variable-mu, or super-control radio tubes 

operate. 

T
H E recent announcement by sev­

eral prominent vacuum tube 
manu factu rers of another special 
purpose ampli fier tube calls for a 

<1t'lailed explanation of the characte ris­
lies and the uses of this new tube. Tile 
funda men tal principle of the new tube 
lias been clea rly set forth by Ballantine 
.1Ilt! Snow L oi Boonton Research Cor­
plJration, to whom its development is 
dllc. Briefly, the tube is so designed 
<IS to have a vari able-mu factor instead 
.,r the fixed m u factor of the structur es 
Il ~ed heretofore. By this means the 
"Ia tc-current grid-voltage characteris­
li c. is specially shaped so as to reduce 
I he higher-order curvature which is 
r spOllsible for distortion and cross-talk 
product i on. The term "va ri able-mu" is 
I hus aptly applied to designate the new 
1IIbe. The variable-mu tubes designed 
a;; radio- frequency amplifiers for 
',ro:ldcast receivers have been assigned 
1\le iype number 55!. T he type S5 1 

lil lie has the same characteristics at 
lIorlllal opera~ing voltages (Egc- -3, 
1':!;s = 90, Ep '- 250) as the widely used 
1~l pc '24. Its construction is somewhat 
~ ill,il;tr to the type '24 · 

Til ( esigning a radio receiver, it is 
Ii(Tessary to decide upon a method of 

• Nf.rCCJrd. Eu{)tltcer, Arcturll J' Radio Tube 
I ·IJ'!lP~/II-''' 

I S'lIIjrJ BaU,,,,1.iHe tllld H. A. SHOW , Pro· 
. '·.'I " li,i!fJ ['l!f. Rodlo E·,.,giH~£'r.r. Dec~rnbe"J 19.30. 

IIlIllJllllllllmlllllllllllllllllllllllllllllllllmllllllllllllllll11IIIImllllllm!IIIIIIIIII!llIlllllIIlmlllllmmllilml ll 

controlli 19 the overall sensitivity, to 
satisiact..only allow the reception of 
signals of wide di fference ill ampli tude. 
A method which is often used consists 
in cha·nging the indivi dual radio-fre­
quency a mplifier stage gain by variation 
of control-g rid or screen-grid voltage. 
At firs t glance, th is appears to be all 
excellent lllethod, but experience reveals 
several serious defects, among which 
is the int roduction 0 f objectionable di s­
tortion o f the recei vcd signal modula­
tion. Th is distortion effect may vary 
greatly, from a value so small as to be 
unnoticeable t.o a value so great as to 
render recei ved signals unintelligible. 

An ideal a mplifier tub e would be a 
one way repeater in which the output 
voltage would be a linear fun ction of 
the lnput voltage. Use of a tube of 
~hi s tY\Jc would intl·oduce zero distor­
tion, a~ the output voltage waveform 
would be an exact replica of the input 
vollage waveform. 

Ampli fier t ubes used heretofore have 
fu l fi lled the above cond ition over lim­
ited ranges only. However, modern 
reeei vers may be called upon to operate 
with the introduction of a neglig ible 
amount of distortion. with a variation of 
input voltage of the order of one mil­
lion to one. This requirement has been 
responsible for thc desig n or the vari­
able-mu tube. Reference to Fig. I 
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points out the manner in which the type 
55 I allows the use of input voltages 25 
times greater than may be possibly used 
with the type '24 . It will be observed 
that the static Jp-Egc characteristic 
for type '24 is reasonably linear from 
Egc=o to Egc = a . From Egc=a to 
Egc=b, the departure from linearity be­
comes serious and limits the use of the 
tube to extremely small input signal 
voltages. Due to the fact that modern 
receivers must necessarily be made Vl:ry 
sensit. ive, operation with large input sig­
nal s requires operation in the region 
Egc= a to E gc=b. E xamination of the 
type 55 I characteristic shows that 
departure from linea rity is of account 
on ly in the region E gc=c to Egc=d. 
Be\ween Egc = d and the point of cut­
off, the relation between Ip and Egc 
remai n nearly lincar. 

A mathematical analysis of the 
action of a radio-frequ<.:ncy amplifie r 
~IVCS the best understanding of the 
problem. The plate impedance of the 
I ype 55 I tube averages about 0.3 
megoh m so that we milY assume a con­
vent iOlla[ interslage radio-frequency 
lilter to act as nearly a short circult. 
Therefore, lllalhell la tical rela tions de­
,·ived frorn the static curves in Fig·. ( 
may oe used d i rr:l·.c i y to c:Jculatc vo[­
tage gain and distortion of an ampli­
fier stage. If the sta tic control grid 
b ias be the value d, and Ihe re be 
~.pplied a change of bias, e. , tlien 
th ere will be a n excursion of plate 

f--
·A R C.TUl<U S 

- -, 
f-- Tvpe i> 5Sl ANO ' , 4 TI';.TI'tOOe.s - -
:- - PLAT C.V RRE f'iT VS, -- o 

CONTRQ~ GRIO e.lp.,~ -,- -
I 
I 

I 
I I 

If ~~ . 
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~ 

~ I 
II! IA-"-- . ,(I" ~ I 

--,i-:''J,.~~ + -, -- i I 1 ... .111 
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Fig. 1. 
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current, lpi - Ipl' J .el the quantity 
i .. - i l., be known as ip; and <::. will 
represent the variation in grid bias 
while ip is the corresponding variation 
in plate current. It is a fact that [or 
limited values of e., ip will be repre­
sented by a convergent Maclaurin's 
series : 

. () i ~ 1 Q2 i p '" + 1 a'i p , + 
lp = ae. e. + I~ ()e'g .., K iI ck'. "". 

1 ql i p • + 1 iJ6 iv , + ( ) Ilae<. e. jIac-'. e g .. .. .. 1 

The reason for the absence of the 
first constant term wi 11 be apparent if 
we think of an auxiliary pair of axeS 
originating at the point d, ipl' That is, 
the constant term is then zero. The 
values of the successive differential 
coefficients a re those oUta i ned at 
e.=o. 

Now, if e. is an oscillation of high 
frequency of the form Eg sin wt, substi­
tution in (I) yields 

. ')ip E' + 1 QI io E' . I + 
1.,=;;- .SUlwt -2 a'- 8 Slll ",t 

lie. e. 
1 a) i p E" + 1 (l' ip E .• 
- -- • S\Il' wt - - .' SID wt + 
6ae'g' 24 ae," • 

1 iJ6i~E' . ~ + (2) 120 aes g Sill <4t ' .... , 

An "harmonic analysis of the indi­
vidual terms of (z) by a Fourier's 
cosine and sine series development will 
show that t{le terms containing the 
even order derivatives have only direct 
current and even harmonics of the 
input frequency; while the tenus con­
taining the odd order derivatives have 
the fundamental and odd harmonics of 
the input frequem:y. The interstage 
filter of the radio-frequency amplifier 
is responsive to only the terms of 
fundamental frequency, and collecting 
these, we have 

. _ [0 ip E 1 <1' i. 'I 1 a'ip 
Ic- ae. • + 8 a c'~ E g"- 192 Jo?'~ 

E5. + .... .. ] sin wt (3) 

J Jence, when the magnitudes of 

aai iJ'oi h d . oe":' Be': and ot er odd order enva-

. - oi h tlves become comparable to ~ t e 
"e. 

output current will no longer be pro­
portional to the input voltage. This is 
shown graphically by Fig. 2, from 
which it is seen that the envelope of 
the modulated output is not synunetri­
cal with respect to the line of static 
plate current. The physical meaning 
of this is that the. degree of modula­
tion has been changed, and further­
more that some extraneous modulation 
frequencies have been introduced. 

The following analysis will enable 
us to find the amount of modulation 
increase. Assume for simplicity that 
the fifth and higher order derivatives 
are negligible. Let the input voltage 
be given by Eg (1 + ill sin pt) sin ",t. 
From equation (3) 

[
0' 0" E' 

i p = ,)~: E. (1 + m sin pt) + o~: =t 
(1 + m sin Pt)3] sin wt 

Expanding this 

E§ . AFlt.TVRVS m'oao 
"1'< .. "" &~I Mo~4 TIl~O<Q""8 

TAAt'lUCOHDUCTAHCA!. V6. ElO~ 
CoNTMJ.. c.",o SIA8 

I I I' I 1 "1/I...l.-.la4o 
b 

:l ll llllIlliP I I I I I I "",' ~ 
~ 

I "Qt)~ 
o 

I ~ 
.... <1 1-1-1- " ij - - i 

1-+-1- IZ ' ... 1" 
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1-+-1-,-1-1-1- ~V-I~- .~~ t il" 

. P1' - ,~ -I-
.,., .~ . 0)4) .~.. "Ie -,(. ·-0 0 

CClrn~OL ""'0 1)'''0 w. VO\,,'rQ 

Fig . .3. 

. [0 i p 0 i . ;" I' E' 
Ip = - E~ + ......2 m E. sm pt + _v _" ...J 

(le. 0"'. iJe". 8 

(1 + 3 m sin pt + 3 m' sin' pt + m' sin' pt) j 
sin wt (4) 

If m is small the terms containing 
m2 and m' may be nc::glected. The new 
percentage of modulation is then the 
ratio of the peak value of the audio­
f requ~ncy variation to the peak value of 
the unmodulated wave. This will be 

a i p 3 oJ ip E' 
;;- m E e + 8- 0-' m .!. • , veK e I! rn = ----

oip E +! 0' i" E3 
oeg • 8 ae'. • 

The ratio of the new modula:ion 
m' to the original modulation m, is 

m' 
(lip E +} 0' io E' 
ae.· 8 ae'. " 
air E + J ;Y i. E' 
(le. • Sael'. g 

m 
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TI . aip 
le quantity ;;-

ve. 
is the trans-

conductance of the tube, usually called 

Sm . The ratio m' is then nearly equal 
m 

to 

1 + E2. B'Sm 
4 Sm ae'" 

(5) 

In order to find 
modulation, rewrite 
follows : 

the distortion of 
equation (4) as 

. _ [Oip aip . jJ3 io E3. 
Ip - ;;- E. + ;:;- m Ea SID pt + :;--r -8 

veg Ilea ue. 

(1 + 3 msin pt +.3m"-3~'cOS2 Pt)] sinwt 

Th is assumes m small enough so that 
the term containing ma may be neg­
lected. The ratio of the double fre­
quency modulation to the fundamental 
modulation is 

3 01 i 
16 a/ m" £3 & ~ 

aip E + ~oJip E' 
iJe. rn • 80e'll m II 

This is the df~ctive distortion intro­
duced by the amplifier tube under con­
sideration and may be re-written as 
follows: 

D 1 m 
100=2 1 +~ 

3 Et (l' Sm 

(6) 

g ae'. 
where D is the percentage distor­

a" Sm= :0 Ip • Fig. 3 shows 
ve. 

tion and 

the transconductance-grid bias charac­
teristic for the type 551 and type '24 
tu bes. The use 0 f these tubes to control 
sensiti vity of a radio receiver depends 
upon the variation of Sm with change of 
control grid voltage. If the antenna 
voltage is impressed directly upon the 
input of the first tube, it is evident that 
the reception of strong signals will 
necessitate the use of the tube at small 
values of Sm. 

Correlating equation (6) and Figure 
olSm 

3, ae'1 • 
is the rate of change of 

slope of the Sm- ea curve. Large 

values of iJlSm correspond to small 
(le'" 

values of radius of curvature, R. Note 
that for the type '24 tube the radius 
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A radio receiver 

for police service 
By VIRGIL 1\1. GRAHAM'-
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This Description of .a Police Radio Receiver for. Au+o­
mobile Use Is Interesting in View of the Rapidly 

Increasing Number of These Installa+ions 

HE use of radio by city, county, 
and state police is increasing very 
rapidly, and now has cea.sed to be 
a curiosity, becoming a necessity 

in up-to-date police work. Police radio 
had its beginning in a small way, the 
receivers being adapted broadcast re­
ceivers in some cases. Then came air­
craft t(juipment converted for the pur­
pose and other arrangements. The lat­
est step in advance is the development 
of receivers designed especially for 
police service. 

The following paragraphs describe 
such a receiver built with the idea of 
making a receiving system for police 
1V0rk, which would incorporate a num­
ber of years' experience in building 
broadcast and aircraft receivers with 
the special electrical and mechanical 
needs of this particular service. 

With this idea in mind, the general 
specifications were laid out as follows: 

A . Electrical Characteristics: (I) 
Extreme sensitivity; (2) automatic 
Kain control; (3) ample power out­
put; (4) proper reproduction of voice 
frequencies; (5) low drain On A and B 
batteries j (6) good selectivity; (7) 
f'ved tuning. 

B. Mechanical characteristics: (I) 
~ugged construction; (2) shock-proo f 
moullting; (3) receiver unit easily 
removable. 

The superheterodyne type of ci rcuit 
was chosen because of the greater ease 
in obtaining high sensitivity, and good 
selectivity at the high frequencies as­
signed to police service. The signal 
picked up on the antenna system was 
taken through two tuning systems to 
the control grid of the mixer or first 
detector tube. The output of the oscil­
lator is likewise coupled into this circuit. 
The signal in the output of this tube, 
being the intermediate frequency of 175 
kilocycles is fed through two stages of 
i- f. amplification to the demodulator or 

• RadiD E.gint<,. SI romb"g·C/Jrls",", T.1eI>II01'1 
Mfg. Com pa ""I. 
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second detector. The tube giving the 
automallC gain control is coupled to the 
output of the second i-f. amplifier tube. 
The audio output of the demodulator is 
fed into the audio tube, and thence to 
the loudspeaker. Thus, there is a total 
of seven tubes, five of which are 
screen-grid tubes, one (the oscillator) 
a general purpose tube, and one (the 
output tube) a pentode. All thc.<e tubes 
are of the heater type, and are discussed 
further in the following paragraphs. 

The automatic gain control system 
(known in broadcast receivers as auto­
matic volume control) regulates the sen­
sitivity of the receiver for the strength 
of the received signal, thus holding the 
sound output of the loudspeaker sub­
stantially constant over an e)(tremely 
wide range of input signal. This fea­
ture is important as the field strength 
pattern encountered driving around city 
streets, and even country roads, varies 
abruptly and greatly. This control is 
accomplished by the use of :I screen-grid 
luLt; whose control grid is coupled to 
the output of the second i-f. amplifier. 
This tube acts as a peak voltmeter, and 
as the signal on the control grid is 
incTea~cd, the plate current increasing 
builds up an increasing volt;.Ige in the 

IiInm II nIlllfitlUnnlll laOiIl)llIlIlIlllllnnll 

Fig. 1. Bottom 
view of pollee reo 
ce Iver c has & is. 
IIhowlna wiring. 
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plate circuit resistor. This voltage 
(negative to ground) is fed back to the 
control grids of the mixer and two i-f. 
ampl i lier tubes. The gain is thereby 
regulated as stated above, so that the 
sound output does not vary appreciably 
from 10 to 100,000 microvolts input. 
The good selectivity required is ob­
tained as there IS a total of five tuning 
systems in the signal path. The tun­
ing is fixed for the frequency assigned 
to the particular system, and is adjusted 
by means of aligning capacitors which 
a re inaccess)ble when the chassis is in 
the enc\o"ing case. 

Special Tubes 
The heat"l' type tubes mentioned have 

ueen specially dc,igned for automobile 
service. The heaters operate directly 
from the car battery, and their charac· 
teristics are such that the "A" current 
consumption of the receiver is only 

Fig. 2. Control box for mounting on 
ates ... 'ng co(u mn, cont~ining volu me 

eOrltrol and lOCk switch . 

slightly over two amperes. Three types 
of these tubes are used, namely, screen­
grid, with characteristics similar to the 
224; general purpose, with characteris­
tics similar to the 227; and a pentode 
output tube with a power output some­
what greater than the 171-A. 

The car battery is used as the "A" 
battery and three heavy-duty "automo­
bile" "B" batteries are employed. The 
"C" battery is specially built for the 
purpose, and supplies the voltage for 
the automatic gain control tube as well 
as regular bias volt;tg-es for the mixer 
tube and output tube. 

The proper reproduct iOIl a f voice f re-
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Fig. 3. Anten n8 plate rnou ntea on 
running boare. Not" met hoe of In. 
stallation. One of thes" plates Is used 

on each sTde of the car. 

quencies is obtained by careful design 
of the audio system in conjunction with 
a loudspeaker built for this service. The 
volume control varying the sound Ol1t­

put from the speaker is connected in 
the circuit between the output tube and 
the speaker. This necessitates that the 
audio system be designed so that the 
output tube is not overloaded at the 
detector output level determined by the 
automatic gain control. This volume 
control is mounted in a small box with 
the on-off lock switch. This control 
box is fastened to the steering column. 

Magnetic Speaker 

The loudspeaker is of the magnetic 
cone type, and is housed in a sub-. 

stantial frame casting. It is mounted 
in the top of the car just back of the 
front seat where it is out of the way 
and gives good sound distribution every­
where in the car. 

The rugged mechanical construction 
was secured by mounting the rel;eiver 
apparatus on a substantial steel base to 
which is also fastened a heavy end 
cover. This chassis assembly then fits 
into a strong steel box. Shock-proof 
mounting is obtained by mounting this 
receiver unit on four "pistons" each 
completely suspended in sponge rubber. 
The receiver unit is fastened to thes e 
four pistons by suitable clamps. 

The receiver unit is made easily re­
movable by arranging all electrical con­
nections to it with the exception of the 
antenna to be made by means of two 
plug type connectors. Thus, to remove 
a receiver unit it is .only necessary to 
disconIlect the antenna, remove the two 
connection plu~, and unclip the unit 
froOl the shock-proof mounting. This 
feature was specified so that in case of 
tube failure when the receiver is in 
service another unit can quickly be sub­
stituted and the patrol car not detained. 

.. .. .. 
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The Antenna 

The antenna system consists of two 
plates which are mounted on insulators 
beneath the running boards. These 
two plates are connected· together to the 
anlcnna post of the receiver ·unit. The 
"ground" is made to the frame of the 
car through the connection of the "A" 
battery to the frame. Experiments 
showed that this type of antenna system 
gave a much more satisfact.ory signal 
pickup than the type using screen or 
wires in the roof of the car, and had 
the very considerable advantage of re­
dudng ignition noise. 

The usual precautions for elimination 
of ignition interference in automobile 
radio installations are taken. 

The recommended method of mount­
ing the receiver unit, and "B" and "C" 
batteries is to locate them in a trunk in 
the rear of the car. This method pro­
yides accc"sibility for servicing as well 
as protel;tion from damage and unau­
thorized tampering, and leaves the ton­
neau of the car free for passenger use. 

A Capacity, Inductance and Impedance Conversion Chart 
By H. W. ANDERSON 

R
ADIO and comll1uniCallon en­

gineers will find the accompany­
ing chart an aid in I;omputing 
the reactance of condensers and 

inductances at various fr-equencies. It 
will also show the inductance and 
capacity requi red to resonate at various 
frequencies. Thus it will eliminate a 
good deal of routine calculation. 

If frequency and impedance afC 
plotted as the coordinates on log graph 
paper constant capacity lines will be 
at 45 degrees to the coordinates. Con­
stant inductance lines will also be at 
4S deg-rees to the coordinates but 90 
degrees to the capacity lines. The fre­
quency range is from 10 to 10,000 

c .p.s. and the impedance from 100 to 
100,000 ohms. 

An inductance and a capacity are 
said to be in resonance when their 
impedances arc equal, Therefore the 
intersection of a capacity and an in­
ductance line is the resonant frequency 
of that combination. For example, to 
find the capacity necessary to resonate 
at 4,000 c.p.s. with 8S millihenrys in­
ductance, follow the 4 ,000 cycle line 
to where i1 intersects with the 8S 
millihenry line. At this point estimate 
the capacity that would intersect the 
3S millihenry line. This would be about 
.02 micru iarad. 

The inductance scale runs from 5 

millihenrys to 200 henrys and covers 
practically all the inductances ordinarily 
used. The capacity scale runs from 
.005 to 10 microfarads and embraces 
the siz:es commonly available. How­
ever it is very simple to add more lines. 
If the formula for capacitive reactance 

balance of the points necessary to draw" 
the line may be had at 1,000 and 10,000 

c.p.s. by merely dividing the answer by 
10 for the former and 100 for the 
latter. More inductive lines may be­
added in a similar method e.."(cept that 
the answer is multipli\!:d by 10 and rooo 
for 1,000 and 10,000 cycles respedively. 
The formula for inductive reactance i!i 
XL equals 2 'Ii FL. 

X 
1,000,000 . 

c equals FC IS used at 100 
2'1l • 

c.p.s . for the capacity required, the 
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A ~6ef~1 capacity In· 
duotance and Imped. 

ance chart. 
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Amplitude modulation 
versus 
frequency modulation 

By VERNE V. GUNSOLLEY* 
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In which we are reminded that a component is a com­
ponent no matter how complex sometimes it may 

appear. 

W
I I EN is a component not a 
com;JOnent? When it is a 
sideband! 'n. "- t is, it we 
are to believe a ll we hear 

1.,111 read regardin g- th : sideband theory 
011 It I a recellL rad io recei ver develop­
,.II:IIL 

One of the simplest conceptions in 
ladio engineeong is an alternating cur-
1,; lIt at resonance, modulated in volume. 
The funct ion Ot the lates t 400 kw . 
"'allsmitter is to radiate with 4 0 0 kw. 
!If radio frequency energy, or, simple 
:dt crnat ing current at resonance. At-
1:Il'hed to this huge radio-frequency, 01' 

1I l1ernating-current generaror is a hu~'c 
\'olllme control which varies the OUtPllt 
,, ( the generator from zero to 1600 kw 
;11 the case of 100 per cent modulation, 
01' 1(1 so rapidly that t he frequency of 
I'ariation hecomes audible when sUltably 
.\,' teckd. This immense volume COl1trol 
is otherwise known as a modulator 
,I age. It is controlled in turn through 
intermediate ~tages of amplification by 
d simple microphone on which audible 
r rcquencies have been impressed either 
hy the voice or musical, or non-musical 
i ll~truments. Now, all the while this 
h;IS been g oing on a Quartz slab about 
I he size of a quarter has been holding 
I he radio-frequency r igorously constant, 
', 11 that we may sa fely conclude that the 
"'ltput on the antenna is a single radio­
i r,'quency that is varied in volume be­
I ween the limits of zero and 1600 kw. 

This principle constitutes the first 
'''''lIlmercially practicable principle of 
transmis sion of audio modulation over 
~ I radio wave. Due to recent develop­
III1;nt5 or an equally old principle we a re 
""II' confronted with the study of an­
lit her means of modulation . 

S uppose we hold the output of the 
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tl'ansmittel' a t constant amplitude, and 
instead of varying' the volume control 
by means of the micmphone, place the 
microphone in the crystal c ircuit inslead 
in such manner as to vary the radio­
IreQuency a few cycles either way from 
the a ssigned frequency. \ Ve will then 
have constant current modulated in fre­
quency . 

In this kind of modulati on as in (he 
case of a mplitude modulation there is 
no definite la w of va ri ation of the 
modulat ion, but t o r pu rposes of analys ts 
we Olay conveniently a sume that the 
modulation is sinusoidal ; that is, that 
the frequency varies with time at a 
sinusoidal rate . 

Tn the case of amplilud, ' modulation, 
the mathematical exprc.;sion for toe 
carrier wave is 
e = E Sl1lwt. , .. . ..... . . .. . , .... . . ([) 
where E is the amplitude or voltmeter 
reading ; w is 271:£, whel'c f is (he 
carrier frequency, and t is the time in 
seconds . From this it is plain that e 
is the instantaneous value of the carrier 
wave, while E is the amplitude of the 
carrier wave. 

Under modulation we vary the ampli ­
tude E at such a rak that the voltmeter, 
being 11 practical in, t rument, caTloot 
longer keep up with it, but at very slow 
rates of modulation we see that the volt­
meter reading pulsates to jl)lIow t'le 
amplitude variations : from which we 
conclude that a modulated alternating 
c.m .£. is a pul sati ng alternating e.m.£. 
One conception that must be understood 
here is that while the instantaneous 
,'alIJe o( e may be any value, even zero, 
and in fact does ch2nge through ;;}I 

values between plus a nd m inus and the 
limits of the peak of the wave every 
cycle, yet , the amplitUde E remains 
constan t and invar iable all the time a s 
proven by the fact that the voltmeter 
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mai ntains a s teady indication a ll the 
11' lli Ie the in s tantaneous value 0 f the 
C.II1. L is rapidly varyillg. I { w e lower 
E . the voltmetel' indi ca tion wi lt likewise 
fall. 

W e C;l ll vary E by mea ns of a n 
:.mplitude control, whi ch is a volullle 
control, or, as more commonly knowlI, 
:. modulator . Let us va ry E sinuso id­
<Illy at illl audio frequency f'. This i~ 
the modulation f rer!lIellcy . Suppose we 
va ry it up :lIlcl down by a f 1'.1 cti Oil 0 f 
itself equal to k called the modulation 
factOI', then the amp: itude of the 
modulati on, that is, the amplitude of the 
pulsations in the carrier is k E , and, the 
amplitude of the carrier (not its in­
slantaneous value) is at allY instant 
g iven by the expression 
(E + kE s il1w't ) . . , . .... . ... . .. . . ( 2) 
where w' equals 2,,[' . 

This is merely the value of the volt­
meter r eading as it pulsates 'back 2nd 
forth over the scale ( unclel' modlliation 
rates so slow as to permit it to follow 
the voltage variation) . V,,'her,':I') in 
( [ ) the amplituue remained constant 
it is now varying sinusoidally, all the 
time the a.lternating e n. f. is va. ryillg 
sinusoidally, hut a.t audio-frequency not 
radio-frequency. The complete expres­
sion for the modulated carrier is eh· 
tained by subsriruting the vary ing 
fllnplitude for the steady s tate ampli­
tude E, that is, hy substitutlOg (2) in 
the place of E in (I). Thi s g(\'es 
e' - ( E+kE sin w' t) sin IJ}t . •.. (3) 
01', expa ndi ng; 
e' =E s in IJ}t + kE sin W' i sin OJ t. ( 4 ) 

TI e ri gh t-ha nd member in the right ­
hand term may be removed and replaced 
hy two terms each equal [0 half ,·alue. 
This is as simple as removing all app' e 
(rom a dish and replacing it 1,), two 
halves Ot an apple, While the apple is 
now of di fferent form, the number of 
apples present is still the same and the 
equation is not altered except in form . 
This gives 
e' - E sin wt + 0 kE s in w' t sin IJ}t 

+ Yz kE sin w't sin wt . .. . .. . . . (5 ) 
The value of (5) is still the same a s 

that of (4) . 
Now if we add a certain amounl to 

the middle term, and take away the 
same amount from the last term the 
equation will still have the same ~alue 
and will be llnchang..:d again except in 
form. Let this amount be Yz kr.: sin wt 
s in w't. The equation then becomes 
e' - E sin wt + 0 kE sill ((I)+w') t 

. Yz kE sin (w-w') t . .... ... (6) 
Thus (6 ) is of different fon n but is 

still equal to (3). 
Inspection of (3) shows it to be an 

alternating C.m. f. of con stant frequency 
bu of varia ble amplitude, while inspec­
ti on of (6 ) shows it to have three 
d ifferent fr equencies 'III of unvarying 
amplitude; that is, ullmodulated. 

Now i [ we take the three frequencie s 
ex pressed in (6) and add them we do 
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not get a constant amplitude modulated 
in frequency, but instead we get (3) 
which is a constant frequency modu­
lated in amplitude. Such being the case 
it is utter folly to try to analyse the 
frequency modulated carrier 011 the 
basis of sidebands and carri (:r shown 
in (6). There is no way they can be 
added up into a frequency-modulated 
comtant-amplitude re5ull. There is 
posltiv,:]y no 5en:;e in arguing the sub­
ject with those of understanding such 
as to be unable to see the radical differ­
cm:e -between the two systems of 
modulation, or who fail to realize thaI 
the components of one particular type 
of phenomena cannot be re~olved into 
some other entirely different resultant. 
The resultant of (6) can never be any­
thing but (3), and (3) is surely any­
thing but the expression for frequency 
modulation. This may be more ap­
pa rent when we examine the expression 
for frequency modulation. 

When the frequency is modulated 
sinusoidally, it may be represented 
graphically by a sinusoidal wave. Let 
(he mean value 0 ( frequency f be the 
zero li ne of the modulation fr equency 
f'. This is the frequency at no modula­
tion . Let the positive peak of the 
modulation cycle represent the upper 
limit a f frequency variation, fuo The 
ncg-ati ve peak of the modulation cycle 
is t l1(:n the lower limit of the fr (~ CJu';t1cy 
variation, f I. The amplitude oi the 
modulation is then, either (fu-f), or 
(f-f l. Both are the same, in the same 
way that the positive amplitude is the 
same as the negative amplitude in an 
ordinary sinusoidal wavt:. 

If we let fo be the instantaneous' 
value of the frequency 0 [ the carrier 
wave and we modulate the carrier fre­
quency a t a rate SII1 w't, through a fre­
quency range of (fu-f) which is th .; 
~JJ1pli(ude of the modulation frequency 
in terms of card er frequency, then th e 
expressi on for the i nstantan (~ ous value 
of the hequency is 
fo = f+(fu-f) sin w't .. .. . ... . . .. (7) 

Since the amplitude of the e.nd. is 
constant, the expression for the instan­
taneous value of the frequency modu­
lated e.m f. is then 
e" = E sin ZIT fo t = E sin w.t. ... (8) 
where Ill. is the instantaneous value of 
the angular velocity due to the varying 
frequency fo. \Nhen such an e.m.f. is 
impressed on a circuit the fundamental 
ireqllency of which is f, then th~ cur­
rent is alkrnately lagging and leading; 
the power factor is therefore likewise 
alternately lagging and leadi ng, as the 
i mpl'essed f requenc), passes above and 
below the natural frequency of the cir­
cuit. It is apparent therefore that the 
lJnmodulated frequency should not be 
spotted directly on the peak of the 
resonance curve of the circuit, but 
should be located on the straightest pos­
sible portion of the side of the sekc-

ti vity curve so that the limits of fre­
({uency modulation are joined by as 
SI raight a portion of the curve as pos­
sible. In this way, a sinusoidal varia­
tion in frequency will give a sinusoidal 
variation in output or response in the 
ci reuit and result in a minimum of dis­
tortion. It is believed that this 
principle has not been observed in the 
npplication of the "radios tat," partic­
ularly , and that this is partly the cause 
o f the distortion therein. 

Output of CrY5ta\ Circuit 

The output of the c rystal circuit is 
modulated both in fn~ (juency and alll­
pJi tude so tlla t the detector ha s im­
pressed on it a current that wobhles 
slightly in frequency , but inappreciably 
and thus perhaps no more than in or­
dinary reception by th,~ ordinary super­
heterodyne, but the variation in ampli­
tude is very great, as in ordinary recep­
tion. That is, frequency modulation i ~ 
traded for ampl i lude modulation just 
ahead of the detector. At this point, we 
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ANACONDA WIRE & CABLE 
COMPANY'S BUSINESS 

INCREASES 
Tho fact that the Anaeondll 

Wire & Cable Company, n sub­
sidiary of the Anaconda Copper 
Company, reported a nel profit 
of 5161,4.6.5 or 38 ccntl! 11 shore ~ 
on the capItal st<Jck for the March '" 
qUill" t e r contrasted with only 
859,'1.01 7 Or 14 cents a share a 
year ago, throw! lin intere:!!ting 
side light On the copper wire ond 

~ cl.ble industry_ The increase>. ill 
~ profits this yeor, it h understood, ' 

was due to the belter diver&ifica- ~ 
tion of busin~" in the more prof· ~ 
HaMe line.'! of production, which ~ 
include the finer wi I'll!:! such 118 ;; 

lire usetl in manufacture of radios 
llnd automobiles. ~ 
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may disregard the frequency modulat ion 
and consider only the amplitude modula­
tion since the former is so slight and 
the latter so great. The circuit upon 
which the amplitude modulation is im­
pressed will behave as for constant !re­
quen.:y, with negligi·ble error, and if 
very o,dective, sideband suppression will 
result. Even if this circuit has no 
:;dectivity, but has reactance only as in 
the case of ad-c. circuil on which a 
pulsatmg current is impressed, suppres­
:ion will take place in the higher audio 
frequencies. Moreover, if the detector 
i~ discriminating, high frequencies will 
be further depressed from this cause. 
The sideband theory can apply only to 
amplitude modulation, and therefore call 
become active only after frequenc)' 
modulation has been changed into 
amplitude modulation. Now if it can 
be proved that the selectivity of the 
crystal is an inverse function of j ts 
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decrement, the same as in any resonant 
ci rcuit, then its output wilJ be afTectcd 
by its own inherent lag in its rise and 
fall 0 f resonance, and this is eq u i valent 
to the suppression of sidebands. How­
ever since it is nol known whether the 
response of the crystal is greater than 
the amplitUde of the exciting force, but 
only greatest at resonance, and, since 
it must be realize"d that the addition of 
resi~tance does not broaden the selec­
tivity curve but only Jowel'S its altitude 
(within quite wide and reasonable 
iimits) it is just possible that the selec­
tivity of the crystal can be very high 
nnd yet the decrement remain fairly 
l;lrge so that very little suppression of 
sitlebands could result from the tend­
ency of the crystal to remain in oscilla­
tion aiter once ex.cited. This might be 
determined from experimenta l research 
directed towards the finding of the time 
cons tant of the crystal, which is the 
IlletlSllre of its tendency to persist in 
nscillation. The actual results of 
drlll()H~tratiol1s as reported in the vari­
ous journals would indicate that the 
lrysttll has a very appreciable time con­
sta1lt, unless the distortion is due to the 
failure to operate on the straightest pos­
sihle portion of the selectivity curve as 
lodore mentioned. 

Application of Sideband Theory 

The conclusion is, therefore, that in 
the radio-frequency amplifier of the 
frequency modulated receiver, the 
sideband theory cannot apply; but 
the momt:f1t frequency modulation 
is converted into ampliwde modula­
t ion, th en, and then only, can 
and will siddJ3nd suppression r esult 
in any circuit containing an "1)­
luoeciable time constant; be it due either 
to the electrical properties of the circuit 
or the piezo-( ~ Iectrical properties of the 
crystal. In those portions of the re­
cei Vel"" where the frequency modulation 
principles apply there can be no sup­
pr~ssion of sidebands but in those por­
lions containing amplitude variation 
sidebands will ·be suppressed, mathema­
tically. Physically, the suppre5sioll is 
due to the lag in the rise and fall of 
resomnce due to the inertia o( the cir­
cuit to changes in its degree of oscilla­
tion. Aoalytically either vi ewpoint is 
correct. The important point is that 
the Stenode is very clearly govemed by 
the same laws of amplitude modulation 
as other recei vers, but offers the ad­
vantage of the super selectivity made 
IJossible by the use of a crystal. Mor~­
over the principle of transm iss ion is 
sound, for, since the sidebands in (6) 
cannot be r esolved illto (8) but only 
into (3), there can be no interference 
between bands no matter how great the 
modulation frequency. This is "35ed on 
the assumption that (8) can never at 
some future date be proven to be made 
up of components that have frequencies 
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tl!lt: ll Jo;' ollt~ idc II".: f :1n:;e of fr,;q m:ncy 
, j.t clI IMi<:Hl. l.f iOUlld, :.;u t,h c(lm poon ts 
I ,I"" I L' s i lei :1 l1 d ~ as in (G), hil l lI' ill 
h" or ~'-'rll r: other lorrll, or a Fon ri<: r\ 

!II i" !I , T he), rt1I.1~1' I It : ~uch l'l):ll wile)) 
' ''~ 'J", , ' d jil l) :1 rC:';\ll t:I Jlt they wi I g'i\'c 
(I'i) !I I " ( I ['o t U), 

Station Separation 

1 ~ i:; r ossiblc, therefore, to loca te 
!til' i ,. n~: lIlucit closer loget ler by reason 

tJ I I he l1luch lIarrower frequency band:; 
n ' l ' l lli ~,~ i h k, alld lhell compensate for 
-I , ' Il igll suppression caused by the 
i\'(' t S,;kcli vil"y of t 1e receiver. Such 

II \'~ l (;11I canllot cause interference 011 

tli .. : ickh:llIds, for, the sidebands 3re 
''' '' ' r:ltt~ c\ (mathematica I)') at tl e r e­

I " 1 r i lI~ lcad 0 f at the sending station. 
Oil Ill,; \V i y between send er and I'e­
" ' : "(; L' th {~ phenomena is e. ' pressible by 
./\) , .. \.fter passing- the cry,tal the 
),Jl '· "',"I<:II ,1 is expressi bl e by ei ther ( 3) 
It (I .) , Thus si deba nds a re not gene 1'­

. k ol "I lt il th e energy I"eaches t he 
II': ;d. 

i' l1a l u~;ical1 y it amounts to long-
1( I ,, [; n :1\ vih ra ti on along a stri ng 3S com­
l'lr,; d ti.l transve rse villl,ation al ong a 
~" : ' I r.~ , If sende r all(l receiver 3re so 

~u!1n ,!ct t;d , then longi tudinal vibra t ion 
w: ll t'(;q\lire a balH.! no wider than the 
,1 1 \1 ":I I~i ons of t Ie st ri ng itself. But if 
ClI I"" ','Y is t ra lsfer red along the st ring' 
hI II ,c;ans of t rall svcrse vibrations, thell 
t \ 1 iott :-; side by side must be located 

lI'it h Rrea tcr sepa ration to allow the 
! .. ill .~:;·s t vibrate freely without inter­

f'·"'";IlCt'. \Vith ti le case of 101g itudina l 
1'1b l'a \ ;011 the st l'lngs cOllld be crowded 
.) d ose together as to actually be i)) 

li;~ht contact throughou t their leng th 
willioll! interfe r ing, but tLis could never 
I·e l'c ,t1ized in the case of transverse 
.. ilra tiOll. If a ftel' [jl'l'iving, t he long­
\L lIdi ll<l1 vibrJ tions :',1 e converted into 
, ,"r,nsverse vi',ralions, all the r oom ( e-
II'.:d is obi;) inahle at the various l'e­
r'l I'\; r~ and this in no way interferes 

wi th the tran smission of ene rgy along" 
I h,~ , l r ings or causes them to interfere 
w itf l one another. 

IJ n fortuna',cly for the longitudinal 
)'~t(;rn as in Ihe case of the Radtostat, 

{h:1 1;1; ( ion requil'es conversion in to trans­
\", ,':; \: vibration, a nalogically, and th'3 
• 111 1 be obtained from longitudinal 
'··II 'I";['lion only by the use of a converter 
';)1 cxcessively great selectivity. The 
"Ill pllt of such a con vel tel' must suffer 
Ilie l't!sIIlts of suppression since it is an 
,mplil.lIlle Llodulated output. However 
~ r. (\etector can, be invented now that 

\.,. i I fu nc tiwl on frequency nodula ion 
h I I ~jld of amplitude modulation. so that 
" i(!Clivily cannot hinder its input, fu ll y 

, Ji. -·t)d J.udio Quality as f ro~n amplitude 
)1 ",(Ii,;\:l l'ioll will be readily obtainable 
,vlthoul: resorting to the use of com­

J ~ li li, t(~ d ;ludlo systems; and, the sys-

tell! throughout will be entirely i l ­

dependcllt of sidebands. 
There[ ore we may conclude t'l:!t the 

f-:let the s i eba nd theory is operative in 
the Stenode the momcnt fre quency 
modulation is cOllverted illto amplitude 
modulation, makes t.he a \ldi o qua lity 
sti ll de endent on the side Jallel thcor)'; 
but i ll~e this llloduhtion occurs ill the 
receiver illstead of at th e sender, the 
resulting sidebands cannot be in tie 
ether bet ween sen(ler a 1(\ receiver. 
Since tbe sidebands afe thus conti led 
within the receiver, tllere is no way 
they can overcrowd the ether, o r pr e­
vent sending sta tions using the fre­
quellcy modulation principle from being 
located as close to each other in frc­
quellcy as 1:1': ),;lllge of frequency 
I odulation adopted as sla nda.rd will 
per n it. 

Required. a Detector to Operate on 
Frequency Modulation 

is C)llite p"ouable that transm ission 
nud l'cceptioll Oil tbe frequcncy modula ­
lion pri llciple from beg inning to Cl d 
will become a reality. It a IVai ts only a 
cletector t ha t will ope ra te on freq uency 
modulation ill~tead of alllplitude lIloc1u­
a t ioll . III such event, the sideband 
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theory wi ll apply at no poillt a long the 
\l'an smissiOll. Th us far it has been 
developed in the Ste.node to the point 
where the sideband theory docs 1Iot 
a pply between sender alld receiver all,: 
thus call calise no station interierence, 
but it does apply just at the poi nt of 
conversion and thns causes audio sup­
pression in the higher ft eqIH"lcies III 
accordance wi t h the sideband theory. 

Nothing could be dearer than tile 
proposi tion tit at i requency lIIodubtioll 
and ampli tude modulation are radically 
different a lld tlllirely 1I It rei ate d 
phenomella, and that therefore the 
components of am;:>!itude modu; ... tion as 
in (6) cannot be used to analyze 
freque ncy moduJllt ion phenomena as 
expressed in (8) . The Stenode demoll­
strates the t ruth of the foregoi ng prop­
os it ion s, It does r eceive without inter­
ference, and yet it does su ppress the 
hi g h f requen cies. If il we r e not true 
tha t r ecept iOll on the S te node is ill­
d epeJ ( ell ' of sideb<ll ds lip to t 1e crysta l, 
t Ilt)) the compensatioll in the a udio 
nm pl ifier lVould also compensate the in­
terfe rence, and in t he sallle mann e ' as 
it r esto res the Stlppressed fre quencies it 
would also restore th e interference, 
Th is it does not do, the.-eby demO Il'itrat­
ing the trlltl of the all a lyses made in 
i'his artic le. 

New broadcasting station KDKA near Pittsburgh, Penna. 
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Installation of 
radio receivers 
• 

the home In 
By M. ASCH 
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Shielded antenna lead-ins when used prevent much of 
the disturbing noises complained of 

O 
r;E of th ,' 'main problems 

facmg the serviceman today 
is that after 1:I;;taliing a new 
r:1,lio receiver in the modern 

home the noise level inpllt into the set 
from the antenna should be low enough 
to erd)le the user to oper<lte hi£ re­
ceiver on the upper as well as on the 
lower end of the dial. 

Until the present time a typical eY,­
planati.on on the part of th e service­
man has been : "I'm sorry, madam, but 
the station you des i re to bring in is 
only a small one and nobody eVer 
listens to it anyway ." Or, "Your i<.:l:­
box or oil-burner, or some olller cause 
of disturbance is responsible for the 
lack of reception ." 

This is not true any more. Those 
stations on the higher frequency end 
of the dial , broadcasting with a power 
of 250 watts or more are of a poten­
tia! service to their communities up to 
a 50 mile area. 

Receivers .of 1930-31 are easily able 
to sepa rate these stations so that if the 
noise level is reduced to b(~low the volt­
age input we would be able to reeei ve 
them with almost the same quality as 
that of the upper wavelengths depend­
ing, of course, on the broadcasting 
efficiency. 

It is curious to note that although 
c.ommercia! broadcast receivers have 
undergone radical changes since their 
advent about ten years ago, the instal­
lation of the recei yer itse! f remains as 
heretofore. The same type of lead-in, 
ground connections, and antenna. Also 
the same tack-ing around the room. 

Shielding 
In recent years shielding has been 

employed in receivers. At no point 
within the receiver itself is any radio-

1liI IIIIII IIIImmillllmw~ruw~mllimIIIIIIIIIWllllllllml lllml lIllilllmjljll llllllllllllll mlll~llllllmlllmlllll 

(requency clltrent permilled t.o wander 
and cause disturbance or unbalancing 
to any other circuit. But, how selclmll 
is the real ca use 0 £ noi se disturbance, 
and otlH;r so-called man-made s tatic 
eliminated before it gets into the radio 
,oct through the antenna connection? 
When the S(".t is tested in lhe factory 
it is bah.Ulctd and adj usted under exact 
conditions, through an ,o.ocillator system 
or otber electrical or mechanical means 
of broadcasting. The recei ver is then 
neutralized or balanced t o each peak 
point at its maximum and sent forth 
into the field. But how exceptional is 
the case where tJ1C same receiver works 
as satisfactorily under the conditions 
existing in a cust.orncr 's home r It is 
true that those stativn~ with enough in­
put come clear, but Iw w about the low­
Input stations within their serviceable 
area? 

It is also curious to note that the 
radio manufacturer, once the set leaves 
his warehouse seldom takes .thl.: trouble 
to see that his mcr<.:handise is installed 
i[) as painstaking :J, manner as the re­
ceiver has been manufactured. T1le in­
stall~r , usually the lowest paid individ­
ual of a radio concern, too often does 
not take sufficient time to do a good 
job. Usually a service manager tells 
a serviceman 10 install the sets wilh an 
antenna at right angles to, or facing 
north and south. Another service man­
ager tells his men to install the antenna 
at a left angie, or facing east and wesl. 
Ask either, why this or that method­
the answer may be-"\Nell, from my 
experience this is the better way." In 
other words, a thorough en~neering 
analysis of the antenna and ground 
requirements in the home is seldom 
made. If the set seems to play well 
enoush, then the order is-"Leave well 
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enough alone"-lf, on the other hand, 
the receiver does not perform well, 
then any stock excuse is advanced. 

Shielding, which plays a big part in 
modern rad io sets, IS rarely employed 
by the layman. J 11 an ordinary apart­
ment house instaHation about 20 fed 
of braided or shielded !cad-in would 
eliminate very much of the extraneOus 
noi5e, including the much dreaded ele­
vator clicks. In installing shi(~ lded lead­
ill one has to be very careful that the 
outside shield is grounded in more than 
one place ; best, at both the incoming 
window and directly at the ground of 
the set. Usually the best results ob­
tained are those using th.:: shield as the 
ground to the set and grounding the 
outside end neilr the window. 

A certain radio manufaclurer was 
modern enough to equip every doc . set 
of a certain model with 50 feet of 
shi~lded lead-in. Where Ihis antenna 
equipment was actually used in install­
ing lhe receivers, Ii Hie or no trouble 
from interference was experienc~rl . 

It stands to I'eason that a mudern 
radio set, whic'] is built with all the 
engineering kl:lJwleuge a vailabk , should 
be installed in a workmanlike manner. 
An educational campaign for public, 
retailer, service manager and service­
man Inight well be establi shed through 
the RMA, that all may be advised of 
the latest methods appro.lye,) by engi­
m:ers to give more freedom from static 
and .other umwcessary noise~. For 
instance, by a lilter system so calcu­
lated as to efficiently couple the antenna 
to the set and thus by-pass unnecessary 
high-frequency currents. 

If the public is satisfied that the re­
sults obtained are benencial it will 
pay the additional chargr::$ involved for 
both time and equipment. .. 
POW E R F U L RADIOTELEGRAPH 
STATION UNDER CONSTRUCTION 

IN FRANCE 
A wireless station more powerful 

than any that has hitherto been buill 
in France is now undet: construction 
just outside of 51. Nazaire (Lower 
Brittany). Destined for telegraph 
communication between F rance and 
shipping in the Atlantic, the new station 
is expected to be completed by the 
uutumD, according 10 "Reuter" (Paris) . .. 
21 CHINESE RADIO STATIONS TO 
OPERATE INTERNATIONAL SERVICE 

THROUGH SHANGHAI 
By order of the Ministry of Com­

munications, 2 I Government radio 
stations in China from Tientsin in the 
North to Icbang in the West and 
Canton i11 the South will operate inter­
national services after May IS, trans­
mitting throllgh Shanghai. 

If 
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The design and 

constructiol1 of standard 

signal 
. t 

generators 

By C, J. FRANKS and MALCOLM FERRIS 
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With modern high grade radio receivers it is important 
that the systems employed in testing be properly 

designed. 

T l~E /irs: section of t~1is paper will 
discuss 111 some detail the gener;;.l 
rcqui rements of any standard 
~ig[lal generator which is to be 

"lIilalilc for the laboratory testing of 
IIln, h-rn highly s(:ns:tive and selective 
t ,ttli.. receivers . Following this will 
I,,' dtscripti,ons of three particular 
1l"I1('1'alor models, each of which was de­
,j,:lIed to fulfil! the g-eneral requirements 
IIlId some special n . .'quirements. This 
~""li()11 will also consider briefly some 
"I the problems encountered in the per­
!'P l'llIrlnce testing of a signal generator 
II fIn its construction has betl1 com­
plrIC(\. 

III the past few years the radio art 
hll~ developed certain so-called stannilrd 
11·~ts to be used in rating radio receiv­
Inh' apparatus. These standard tests, in 
,'''111 rast to the old, uncert.ain method of 
d"I('I'lllining performance by listening 
I,' ._ts, provide a simple, fairly accurate, 
IlIld readily reproducible method of 
I'yuillating any receiver in terms of cer­
lid II quantities such as sensitivity, selec­
II v ity, fidelity, overload, etc. These 
'1t1ulltities when properly determined 
.!rlinc quite accurately the performance 
II r Hlly receiver a.nd so pennit the com­
p" I'H t i ve w,orths of various receivers to 
11\' ~t;\ted. It is the purpose of this 
»11 )t\~r to describe in deta.il the appa-
1111n~ which is necessary for, and the 
dryC'!opment of which has made possi ­
Idr the making of, these standard tests. 

r ( 1I111st be noted in passing that these 
_Inlldnro tests, important and significant 

, /l,/ivrrrd bcf()1'1! tit. Radio Club 0' Amcrico 
AI""I) II , I9J!. 
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though they may be, can nev.er wholly 
replace listening tests. There are still 
certain features of recei ver per­
formance that cannot fully be deter­
mined by tJle standard tests, and which 
can best be determined under actual 
operating conditions. Another imp.or­
tant function of the listening tests is to 
confinn the conclusions reached in the 
laboratory measurements; this function 
must always be utilized if the labora­
tory data are to serve t leir greatest 
usefulne~s. 

Tlle apparatus to be described was de­
signed to m;(ke possible the rapid aDd 
accurate performance of tests on such 
receivers as come Lo the engineer for 
rating, as well as to provide for the 
laboratory tests which accompany the 
design of all new receiver models. It 
is evident that one 0 f the important 

tun'MlllllUllnl llllllU/lIllI lIlIUIIl1 UJmml"nr 

Flg.l. SIgnal gen­
erator for 150 to 
7500 kc. range. 
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uses of such a device is the rapid and 
continuous testing of a receil'er mocle! 
which is in pr~.lCess of design. A simple 
method of me:.lsurl'ment makes possible 
the evaluation of t'.ach small change or 
improvement in the receiver des i n as 
soon as it is made, so that the worth and 
economy of each change and its effect 
on the final performance of the receiver 
may quickly be determined and its in. 
c1u ~ion or exclusion in the final design 
decided. 

The principal requirements o£ the 
apparatus for making' possible the var­
ious tests mentioned above have already 
been staled in an article by P. O. Farn­
ham and A. W. Barber which appeared 
in the 1.1~.E. Proceedings for August 
1930 . 

Reduced to essentials, the apparatus 
for making· tc;sts on a radio reeei vcr 
consists first of a generator for pro­
ducing a si gr'al to be intl"JduceJ into 
the receiver, and second, some sort of 
output meter for ~leasur ,ng t le audio 
frequency output of the receiver. 
Other auxil iary apparatus is of .;ourse 
desirable an4 necess::try for the investi­
gati on 0 [ certain secondary properties 
of the receiver, but the standard signal 
generator and output meter ar~ the 
chief teals with which the engineer has 
to deal and, in fact, are t.he only items 
necessary for the making of the most 
important tests, sensitivity, selectivity, 
fidelity, and overload. Suitable output 
meters have been desc ribed and are 
available on the ma rket, and need no 
further exposition here. This brings 
us to the. discussion of the standard 
signal generator proper, or micr.ovolter, 
as it is more cO:11monly called. 

The Properties and Requirements of 
a Standard Signal Generator 

Simply stated, a standard signal 
generator is a source of modulated radio 
frequency voltage whose carrier fre­
quency, modulation frequency, dep'.it of 
modulation and absolute value ,of ..Jutput 
voltage are all accurately controllable 
and known. These fundamental proper­
ties of the microvolter wi]: bear con­
siderable detailed discussion, but before 



Page 38 

~ 

entering into this discussion it may be 
well to digress long enough t .o state 
several other considerations to be taken 
into account in the design of a practi­
cal instrument. They are chiefly con­
cerned with convenience of operation 
and range of usefulness of the appa­
ratuS. While the features to be men­
lion~d are very desi rabie, they are not 
to be taken as absolutely necessary to 
the fu'fillment of the fundamental l'e­
quil'emcnts just slated. 

r. The complete apparatus should be 
of such size aod weight as to be com­
pletely portable, and the power supply 
requirements should be such as to per­
mit operation from ordinary battery 
sources. This will permit m,otoriza­
tion if desired for field strength 
i nvc.,tigations. 

2. The shielding of the generator 
should be sufficiently complete to permit 
its operation in the same room with, 
and even very close to any receiver 
apparatus under test. 

3. It should be p,ossible to cover the 
complEte range of the generator as re­
gards frequency, output voltage and 
modulation without the necessity of 
making any laborious adjustments or 
changes which might require disassem­
bly of the apparatus. 

4. T he instrument should be entirely 
direct reading, so that measurements 
can be made directly without the use of 
any calibrations, calculations, or cor­
rections. 

S. The instrument must be entirely 
self-conlained, no external meter&, at­
tenuatoTs, or other apparatus being 
permitted. 

Fundamental Requirements of Stand­
ard Signal Generator 

The carrier frequency must be ad­
justable ami known to an ac<;uracy of 
about one-half per cent over the range 
of radio frequencies likely to be en­
<;ountered in present-day recei ver de­
sign. With the advent of the super­
heterodyne this range has been 
c.onsiderly eJftended, until now it in­
cludes frequencies from 1,850 kilocycles 
down to 1 So kilocycles or even lower 
in some cases, In addition to the main 
frequency adjustment, a fine adjust-

1I1lU,,",rnIIlIllllJlIIIUnUlllll11ll1 l1inUUII 
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ment [or varying the frequency in small 
steps to at least 30 kilocycles ea<;h side 
a ( any te,t frequency must be pro­
vided for the making of selecti vity 
measurements. It should be possible to 
adjust the frequency in increments of 
about one kilocycle at the high~~t car­
ner frequency in the l·ange. The means 
provided for making this adjustment 
will ordinarily permit even smaller in­
crements to be read at any lower fre­
quency, due to the characteristics of any 
practical means {or accomplishing this 
end. 

Any consideration of carrier ire­
fluency requirements must also include 
tile matter of frequency modulation . 
This last has of late become of such 
great importance, due to the incrlO'3s­
ing amounts of selectivity being built 
into 1l1,)dern receivers, as to merit dis­
<;ussion in some detail. 

The ideal way o[ obtaining the 
modulated radio-frequency lVave in a 
lilicrovolter is, without d,oubt , the modu­
lation of a separately excited amplifier 
system. With proper design such a 5)'S­

'em results in an absolute stability of 
carrier frequency (zero frequency 
modulation). However, any attempt 
to design a standard signal generator 
along the5e lines very quickly leads to 
a result which in size and power re­
quirements bears more resemblance to a 
broadcast transm i tter than to a piece 0 f 
laboratory apparatus. It is not neces­
sary to go into detail on the difficulties 
encountered in shielding so large a pro­
ject successfully. For these reasons it 
is usual to obtain the modulated wave 
dire<;tly fr.om a self-excited oscillator, 
whose power is purposely kept as small 
as possible in order to minimize power 
supply and shielding difficulties. Modu­
lation is readily accomplished by in­
serting into the plate drcuit of this 
oscillator a voltage containing both di­
rect and alternating components, the 
ratio between these components being 
adjusted to give the desired modulation 
r~~io , 

In a trioile oscillator of the usual type 
a variation of plate voltage changes the 
frequency of oscillation. When the 
plate voltage is varied at an audio­
frequency rate the result is an .output 
wave whose amplitude and frequency 
both are varylng over a certain range. 
When a wave of this type is applied to 
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a receiver tuned exactly to the generator 
mean frequency, as is the case when 
measuring most of the receiver char­
acteristics, no bad effects from the fre­
quency modulation are evident If, 
however, the resonant frequency of the 
receiver differs frOITI the frequency of 
the impressed signal, as is the case 
when measuring selectivity, the varia­
tion of carrier frequency, in efiect, 
slides the point of coincidence between 
the wave and the response curve up 
and down on the curve. This causes 
a variation of amplitude of the wave 
reaching the demodulator of the re­
ceiver, or in other words the frequency 
modulation is translated to amplitude 
m,odulation. 

When operating on one side of the 
resonance point the amplitude modula­
tion due to frequency modulation adds 
to the normal amplitude modulation, 
while on the other side of resonance it 
subtra<;ts, It is cllicRy this effect IV h ich 
causes the large asymmetries noted on 
a great many of the selectiyity curves 
which have appeared in various radio 

n • .. ~, ~ ,. 
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FIg . 3 . MinIature portable ,.Ignal 
generator. 

publications as repr~senting perform­
ance data of sample receIVers. The 
amount of amplitucle modulati.on pro­
duced from a given amount of ire­
qw::ncy modulation is proportional to 
the slope of the resonance curve at the 
point of operati.on. In the m()rlern 
highly selective receiver it is easily 
possible, with the amount of frequen<;y 
modulation usually encountered in a 
small signal generator, to produce 
enough amplitude modulation to cancel 
completely the normal amplitude m.odu­
lation. The resulting wave has prac­
tically zero modulation, except for the 
fortuitous presence of sundry har­
mOniCS, and under these conditions the 
demodulator may reacn radio-frequency 
overload long before standard output 
pown is obtained from the audio system 
of the receiver. 

TI](~ ultimate effect is a selectivity 
curve which is slightly bulged oul on 
one side of l·esonance and considerably 
sucked in on the other; this is usually 
interpreted as a fault of the receiver 
undn test instead of heing- charged to 
the ~ignal generat,or u~~J. 

l'requency modulation in the micro-
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Il l! 1' - :'111 ;ilw<lYs be detected hy tak­
" If It IIclcct ivity curve of a recci ver, 
II IIIf r.onstnnt carrier (or intermediate 
II ' (II ' rl 'Y) voltage at the demodulator 

ttllldal'd signal. rather than audio 
" " '1 \'11. r f under the e conditions a 
"I" """ ~)'1ll1lletrical curve which does 
11' '( :1)':' rl:l: with previous measurements 

r 1" lI illt~ (I, and if, during the run in 
<. \. 1,)"1, I he dcmodulator carrier voltage 

I, ·Id constant the audio-frequency 
""'1'111 varies through wide limIts, the 
I" " , "IIt:I ~ of frequency modulation is 
, I" .l!'ly ilHlicated. 

h~ l>c rielJce has shown that, in order 
" " I III ).:'i vc trouble when used with the 
h' f: ldy .~d ective modern receivers, fre­
' r "" II " ~' 1Il0duiation in the micr.ovolter 
'jI,, ~ 1 be hcld below about 200 cycles for 
, ,,!!oI l.: voltage change corrl.:sponding to 
i " PCI' cent modulation. 

'11, ' modulation frequency of the 
, ,,,<1:11'" signal must be readily variab~~ 

,, \ ,. " 111<; enti re aud i 0- f req uency range 
," llIl'l'i s i,,1:' the frequencies used in voice 
." " I Hlmic transmission. Since radio 
" • " ;v<:rs seldom tran mit frequencies 
,, " l t,k o( the range 40 to 7,000 cycies, 
,I Il'.,,· (I ('fJuencies are used as the limits 
I" t we':11 which tl.e microvolter must be 
, I ily llIodulated. The change of depth 
" I 1I1"dui;ltion with change of modula­
II"" frequency (fidelity ,of the micro­
\.,,1 \<,: 1' ) should not vary more than 
h i" 'I l Iwo per cent over the audio 
! 1 1 l\) ~" , if the use of troublesome cor­
" " I inll data is to be avoided. 

'nil; r,nal fundamental requi rement ,of 
, I" lIIinovolter is that the absolute 
"1.1 ",: of carrin voltage a,:,;)earing at 
, II" 11111 put terminals shall be accurately 
1" l j !l l ,l.ahle and known. It is safe to 

11\' Ih:lt this one requirement will cause 
1)1(' ri l:signer more trouble Ihan all of 
11,(' 'Jlliers combined, particularly if he 
h :er, [ 0 live up very strictly to an 
i' lfl i;" high standard of perf.ormance. 
' I lit' I'l~aSOns for this are many, among 
11"'''1 hcing tIle complete absence of any 
.I "~vlllie method of measurement for 
l'lld i, - f requency potentials of the order 
" I ;1 few microvolts, the unreliability,of 
·,11 pr:ll:tical checking methods, and the 
• ,·l liI ivcly tremendous errors caused by 
II I ,' .• .1' voltages introduced by invisible 
" '"J.lilll;'" and leakages. Thus the re­
(I" ," mel\t stated conceros not only the 
,,," .' ~ lIl'clllent and attenuation of small 
\·,d r. ~: (: s but the whole physical struc­
" \1 I ' o r the c.ompJete apparatus, since the 
, Il .l ''''ralc shielding rl:Cjuired to prevent 
II·,,' r;ldialion of stray fields hecomes one 
or I'" IIWjOI' mechanical prohlems. 

I·,."" ··ricnce has shown that -satisiac­
r", y lililiis of performance as to out-
1,"1 at'e a hollt as follows: 

I , 'rile output voltage should be ad­
ill [1",11: hclween one and 200,000 

I 14 I f' l~ f 1\'1 IllS . 

~ , V () lta.t{cs should be indicated with 
'. 1l 'lIcli aCCllr;ICY as their known ab­
r." llIiI' a,:c llracy j usl i fies. 

3. The output voltagc should b :~ con­
tinuously adjustable betwc~n the limits 
stated. 

4. The output impedance ,of :~le ~'en­
erator should not exceed two ohms. 

5. The attelluation sYSl'c'll1 uscrl mtlst 
give consistent opr.ralioll over the range 
of carrier frequencies to be \1 sed. 

6. Adju~lmCJlt of the magnitude: of 
the Olltput volta,;" musl have abs.olutely 
no effect upon t\;c carrier frequency, 

7. The voltage supplied to the at­
tenuation system should be fa; rly con­
stant with carrier frequency. 

8. The voltage appearing at the out­
put terminals when the attenuator is set 
for zero output should not exceed about 
one-tenth of a microvolt. 

9. Tile sludding of the complete gen­
erator and the wiring of the attenuator 
must be so carefully worked out that 
stray radi.o-frequency poten tials greater 
than a bout one microvolt cannot be de­
tected anywher e about the :lpparatus. 

It is evident that some of the above 
points concern not only L:le attenuator 
system and structure, but the entire 
electrical SyS:l:lll and mechanical lay­
out of the complete generat.or. 

The Shielding Problem 

Some idea of the ma~nitude of the 
shielding problem may be obtained from 
a consideration of the voltage levels 
to be found In the various paris of a 
complete standard signal cZcnerator 
system. In a practical systcu, the one 
which will be described in detail, the 
oscillating circuit develops about one 
hundred volts, whi le the input to the 
attenuator pr ope r is one-half volt . Thus 
if we desi re to use outputs of the orde r 
of one microvolt, the a ttenual,or must 
have a useful range of 5 00,000 to one, 
while in orde r to keep strays well be­
low the magnitude of the voltages being 
used, the shielding system 0 ( :he micro-

Page 39 

votter is called upon to effect an at­
tenualion in ex cess of TOO.OOOPOO to 
on~, or a matter of some 160 decibels. 

This concludes the detaikd considera­
tioll of 1.'.le things which we shall want 
to find in the signal generator which we 
are going to build for use in the 
laboratory. Let us now lake up the 
discuss'ion of the way in which all of 
these widely varyillg factors affect the 
practical design of such a piece of ap­
paratus. One encounters many dif­
ficulties in the attempt to consolidate so 
many requirements Into a single phys­
ical unity, and many compromises 
must be made between the various fac­
tors. It is sa fe to say tha t it is elec­
trically imp,ossible to fulfill in the 
strictest sense all of the requirements 
just stated. \Ve must sacrifice some of 
them almost entirely a nd fulfill others 
0 11 y as completely as may be done with­
out jeopa rdizing still others of greater 
;t l1 portance than the first. Here is an 
ex<\mple of the way it works .out: 

The shielding problem may of course 
he considerably simplified if some of 
the requiremnl's stated in the 'beginning 
as I Icing' desi rable but not absolutely 
necessary arc made less severe. That 
is, j { the generator be operated in a 
screened room different from the one 
in which the receiver under test is be­
ing ,operated, the shielding of the gen­
erator itself need not be nearly as com­
plete as whel) the two ;~ re to be operated 
in direct proximilY. The simplification 
is, however, only apparent , It is obvious 
that the total attenuation between gen­
erator oscillator and receiver input must 
remain exactly as great as ever, so that 
the total shielding r equired is n.ot 
diminished in the slightest. If some 
shielding is removed f rom the generator 
proper it must be. put back in another 
guise, as for example the separate 
screened room. II is felt that the net 
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result is an economy when the gener­
ator is properly and completely shielded 
in itself, for the slight ·addltional dif­
ficulty of compkte shielding is more 
than compensated for by the elimina­
tion of the extra screened room and the 
extra operator. Most important, ho\\'­
<c ver, is the greatly increased facility 
and convenience of operation and th~ 
lessened opportunities for errors of mis­
understanding when all of the ap­
paratus involved can be plac('d within 
the reach and under the direct control 
of the engineer making the tests . In all 
of the generators describ~d in this paper 
sufficient shielding has been included 
to make possible operation, of the gen­
erator very close to the receiver unde! 
test. 

Practical Examples of St<1ndard Signal 
Generator Design 

Three types of signal generator a.re 
shown in the illu strations. The fi rst 
t ~o , shown in Figs. J and 2 , a re simila r 
in design and construction, both being 
intended for general laboratory use 
where performallce and convenience o( 
operation are of greater importance 
than s ize and port~hility . The third gen­
erator, shown in hg. J, is of a much 
smaller size. It is c.ompletely self­
contained induding batteri es, and ot 
course has had certain performance 
featurcs sacrificed to some e>-'1ent in 
order to permit the reduction in siz.e. 

The two larger generators differ only 
in the carrier frequency range covered, 
and in the means provided for cover­
ing the range. The circuit details are 
so nearly identical that but one diagram 
will be sufficient to explain the opera­
tion of both. This circuit diagram is 
!;hown as Fig. 4. 

The unit around which the enti re 
apparatus is built is of course the radio­
frequ ency generator. This employs one 
1 I2-A tube in the well-known tuned grid 
circuit, and of course requires ex­
ternal SOUHT 3 to supply the filament and 
plate power, The first model of 
generalor, shown in Fig. I, has for its 
distinguishing feature an extremely 
wide range of carrier frequency . It has 
prov(;n enlirely satisfact,ory over the 
range ISO to 7500 kilocycles, and has in 
fact been operated at frequencies up to 
r 3.500 kilocycles. However, at these 
extremely high frequencies the di fficul­
ties involved in accurate checking have 
prevented the mak ing of a sufficient 
numb(:r of tests to be certain that op­
eration in this region is enlirely satis ­
factory. 

Plug-in coils make possible the cover­
ing of this wide frequency range. 
Eight coils cover the range J 50 to 
7$00 kilocycles with quite generous 
overlaps. A special feature of the de­
sign is that coils can be changed very 
quickly. Both the innn and outer 

at~_l 
Fig. 5A 
Fig, 58 

Sources of error I n an attenuatar 
. tiystem. 

shields are provided with hinged lids. 
Since no screws or other fastenings 
nerd be removed the entire coil chang­
ing op~ration can be accomplished in 
ten to fifteen seconds . 

T he tuning condenser is operated by 
:t worm drive similar to that used on 
p,'cclSlon wavemeters. This in effect 
provides a dial having 2500 di \'15ions 
and makes possible a very accurate sct­
ting of the oscillator irequency, The 
frequency spread is sufficient to permit 
adjustmcnt in the small steps used in 
selectivity measurements, thus eliminat­
i ng lhe need for any form of separate 
vernier 01' fine freljuency control. 

The ;; ttenuator structure in this 
model required very careful design and 
construction to permit operation at the 
very highest frequ i:ncies in the range, 
Checks with ,other sources and methods 
have indicated that this has r(;5ulted in 
an absolute accuracy of output of quite 
a high order even at frequencies as high 
as 6000 kc. 

TIle second signal gene n tor, shown 
in Fig. 2, was intended ior use only 
in the frequency range ISO to ISoo kc. 
T his permitted the elimination of 
plug-in coils, since the entire range 
could .be covered by the use of only 
two .oscillating coil systems. These are 
both contained within the body of the 
instrument, each being enclosed in its 
own magnetic shield, and either is 
selectable by means ot a contTol 
knob appearing on the front panel. 
The coil is connected to the tube, tun­
ill~ condenser, and output circuits by 
Jl1t:ans of a switch of the familiar cam­
and-leaf-spring type, whose low losses 
and low electrostatic capacity make it 
suitable for this use. 

The tuning c()ndenser in this model 
does not ha.ve the worm drive for fine 
adjustment. Instead, each coil system 
is provided with a small rotor coil con­
nected in series w ith the tUlwd coil, and 
rotatable from the front panel by means 
of another dial. The normal position 
for the coil is at right angles 10 the 
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gl-id coil. Rotating the coil in one 
direction el i' creases the total inductance 
of the tuned circuit and raises the car­
rier frequency while rotation in the 
other d i recl ion lowers the frequency. 
A variation of about five per cent plus 
and minus is obtained hy proper pro­
portioning of the numbers of turns on 
the coils. 

Grid excitati,on for the oscillator is 
obtained through the usual condenser­
and-leak series impedance, although the 
values of these are rather unusual ones 
for this use, as will be seen from the 
constants given on the circuit diagram. 
These values, as well as the various 
olher constants of the l;ircuit, werl~ ar­
rive-d at by an experimental process of 
design in which such features as fre­
quency stability, constancy 0 f oUlput 
with frequency, low current consump­
tion, and sati s factory modula lion char­
acteristics were the desiderata. Many 
of those named were found to be in­
compatible with others, the design thus 
becoming somewhat of a compr,omise 
between the various factors. The values 
finally arrived at gi ve a dcg-ree of per­
formance which is enlirely satis factory 
when used with the most advanced 
receivers being built at the present time. 

Modulation System 

The radio-frequency oscillator is 
modulated by inserting into its plate 
circuit, in series wiLh the d-c. supply, 
an alternating voltage. This is a\=conl­
plished by supplying the doc. through 
the sec,ondary winding of a modulation 
tral>siormer, the doc. resistance being 
kept low to reduce voltage drop at th is 
point. The source of modulating 
voltage is connected to the primary of 
the transformer, and the resulting volt­
age at the plate of the radi 0 oscillator 
tuk is one which has both a-c. and 
doc. components. The ratio of a-c. to 
.I -c. volts is considered as being equal 
tv the per cent modulation, this a~­
sumption being based on the fact that 
the modulat~on or input-output char­
a _teristic of the radio oscillator is very 
nearly linear. The doc. component is 
read on the 150 v. doc. pand voltmeter. 
This voltmeter indicates the battery 
voltage applied at the terminats of the 
gr nerator, while the voltage actually 
appearing at the oscillator plate is 
smaller by the amount of the drop 
through the filter system and modula­
tion transformer. However, by careful 
design this differenc<c has been kepI so 
small as not to afiect the :"lccuracy of 
the result greatly. 

The alternating component of plate 
volt;,ge is measured by means 0 f a 
high resist ance thermocouple voltmeter 
w nnecled from the plate supply lcad to 
ground through a condenser which 
k~<::ps the d-c. out of the voltmeter 
but is large enough not to affect the 
a-c. reading even at frequencies as low 
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" .\11 cycles. T his a-c . voltmeter is 
"d ,!oraled in peal:- vo ts rather than 
.. ' " .I~ . volts_ It is provided with a ser ies 
"" oil il'lier whose total resistance is such 
, 1, . I t hI: scale indicated 00 the voltmeter 
L~" " lilll:S correct when the switch is set 
, .• till; lap mar. ed "roo pcr cellt rnodu­
iI,li,," ." Thus, if the reading of t.he 
v" lllIlt:\er is brought equal to the read­
illl: .. , f the doc. volt! eter, the peak of 
II,,, :1-<:. wave \\·i;1 be equal 10 the doc. 
if llil :1 1-:'(' and the plate voltage of the 
.. ·' .. illalor will be 100 per cent moclu­
l/t l.;d. For any other percentage of 
1I , ,~.dlJlalion the voltmeter mullipl ier 
t witch is set to the desired tap, the re-
i la llce in circuit at this tap :)caring 

II,,: s:itne relation to the total resistance 
' I ' Ihe desired percentage bears to 100. 

I hCIl the input be readjusted to bring 
,I,,' n::tdings .of the two voltmeters again 
( II l'I(1lniity, the modulation ratio will 
I,,· I iIe value indicat ed Dn the tap used. 

T he advantages or this system are 
11' :11 no calcu ations or interpolations 
" ,.: ordinarily necessary, sufficient taps 
I H ·in.~· provided to cover aln-ost all re­
'pn relllents. The percentage of modu-
1111 iUll can be checked as often as de · 
ired, a mere glance at the panel serv­

In;:' 10 show whether or not the read­
i ' I,.:'; of the two meters are in cl'jualily, 
1 ~ 'lflher, the meter ind,cation is ;tlways 
b·pt at the same part of the scale, so 
11 1; It small modulation percentages may 
II' rc:.,d as easily and accurately as large 

""I·S. Should it ever become neces­
M' )'V to usc a modulation ratio not pro­
" jd~' (1 for by the switch a simple cal­
" dalion and resetting of the a-c. volt­
"",Ier wi 11 make this possible. 

The accuracy of the various per­
'-" lllages relative to each othe, depends 
IIl il y upon the ilccuracy with which th e 
1' ,,1 I 1I1eter multi plier resistances are ad­
ill ~led. H owever, the absolute depth 
"i modulation of the emit1cd wave is 
d'; pendent upon the slope and linearity 
., i the oscillator input-output or morlu­
Irll ion characteristic. Since a certain 
nlllollnt of irregularity has unavoidably 
101:(:11 permitted to exist here, the ab-
\ lute modulation ratios may be in error 

I,y from five to eig'ht per cent. These 
"1'11.'1'5 affect the output of the receiver 
ill ,iil-ect ratio and may therefore con­
II illl(le errors of this magnitude to the 
fi lial result_ However, for ordinary 
Pill' poses this error is entirely negligi-
1.11'. In a series of comparative tests it 
( I CO\lrse cancels from the results, 
",hile even for careful quantitative tests 
II".' ('I'1'or, while by no means small, is 
" '.lIally exceeded by other errors in-
1" '1'('lll in the apparatus or the metJ :l'd. 

The oscillator characteristics vary 
", illt the oscill ator circuit constants, :nd 
I llt~ rdore the modulation depth errors 
I' " rv with the output frequency, The 
I" w(!st freauency in each range will 
,,,!I1:IlIy be ' found to he the least ac­
I "r:tle as to modulation_ for example, 
I h,· Illodulation depth being set to a 

nomi nal 30 per cent by meal1S of the 
panel meters, the ac tual lllodulatiOl' 
depth of the output wave was found to 
be almost exactly 30 at 1400 kilocycle, 
rising' to ahnost 33 per cent at 600 
kil ocycles. There is also a slight 
variation in this factor between tubes 
and III a given tube during Its hfe; 
!t appears to be least for tubes of high 
conductance. 

The modulating source may be either 
an external oscillator or the ~elf con­
tained oscillator. Tbr.owing the modu­
lation control switch to "Ext" con­
nects the adjusting potenlionleter, 
through a suitahle filter to prevl'.,t 
radio frequency currents from leaking 
out a.t this point, to the panel binding 
posts marked "Ext . Mod." In the 
center po,,: lion the input potentio­
meter is left unconnected so Ihat an 
unmodulated carrier is emitted, while 
when the switc I is th rown to "lnt" the 
potentiomet.er is connected to the output 
of the internal osci ll ator and the fi la­
ment circuit of this tube is closed so 
as to set :1 in operation . Only one 
frequency, 400 cyc;c:~ approximately, is 
available from this internal oscillator, 
and its output, having purposely been 
kept small to minimize battery d rain, 
is only sufficient for a maximum of 
30 per cent modulation This, how­
ever, is sufltcient {or about 90 per cent 
of the measurements which will be 
made with the generator. 

Output clnd Attenuator System 

The takeoff coils which are coupled 
to the main oscillating circuits of the 
generator have their turns and coupling 
so arranged that they provide a cur­
rent of 100 milliamperes through a load 
of IS ohms. Of this, !lve ohms are 
in the attenuator, five in the l:1ermo­
couple, and lhe' remainil".~ Jive are sup­
plied by t;lI' adjusting rheostat. This 
amount is provided to serve as a margin 
or safety to take care o{ va.riations of 
oscillator output due to battery aging 
and to changes of circuit conditions as 
the carrier frequency is varied over its 
range. 

The current 
Weston Type 

1II IIIIm:: lll ll lillllllllll. IIJ IIIII111 

Fig.6. Interior of 
150 to 1500 kc. 

generator . 

I 11I"IIIIII!'. IIIIIII I1IIIIII1I1Il1I'IIln· 

indIcating cevice is a 
425 thermo-galvan-
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Ol11eter. [u order to pre.-ent I'adio­
(requellcy potentials fr01l1 appearillg at 
the meter face the rhernlO junction is 
renlOved frOlu the instrument case and 
11loullted ills ide of thl :\ltelluator shield. 
filters being lIIserted ill the doc. Ica( s 
to the indicating portioll of the IlII:!e,-. 
The meter SC<lk is L·le.l1 recaJihrated, 
the defl ection correspondlllg to a cu,-­
ren t of 100 milli:llllperes being ill(h­
cated on the scale. 

The atienuator proper is a fi ve step 
cOll stalli im;>edance ladder type, the 111-

put 10 :he !let beillg connected to :1 C1Y 

des; red step by means of the mul­
tiplier switch , which thus permits at­
tenuation ratios of r, 10, 100, J ,000. 

and 10,000 to be used . The last shunt 
branch of the system is a continuously 
variable slitlewire potentiometer wl::ch 
permi t intermedi;<te values or output 
to be obtained. The scales of the two 
controls are ma rked ill inverse attellua­
lions so that the value of ,output volt­
age is obtained dil'ectly in microvolts 
by a simple mental mUltiplication of 
the two readings. The attenuator im­
pedance being five ohms, a max imum 
of 05 volt is obtainable at the output 
terminals. T le output impedance of 
the system, looking into the output 
te rm inal s f rom tb~ load, IS variable, 
depending on the setting of the slide­
wire, and is equal to the slidewlre rCdd­
ing divided by teD, in ohms. 

1 t will be seen that we I::lve exceeded 
the limit of two oLns which at the 
beginning we placed on the generator 
output impedance. Tl is W ;!S Lcces­
sary in order to obtain the additional 
output voltage over the .2 vo·! originally 
specified, However, since ilt this .2 

volt out;)ut the generator i :l1pcJ~"ce is 
actually only two ohms, the re'-lui r~­
ments have been met, in the spirit it 
not in th,~ letter. It is possible so to 
use the generator that the impedance 
never rises above the two ohm li mit, 
simply by staying below the ,"20" point 
on the oulput slidewire. Even the five 
ohm impedance, however, will not cause 
any app!-eclable error if c lre is taken 
that the load connected to the gen­
erator \erm:nals is of suUicientiy high 
impedance not to load the source. T he 
art; ficial antenna COlilmonly used, con-
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talnmg a 20o-mmfd. series condenser, 
presents an impedance high enoug:h to 
fulfill lhis requirement. 

foor some tests, notably 1hose Illade 
upon detection systems, el'en the .5 volt 
maximum is not sufficient. A higher 
voltage than this can easily he obtained 
by utilizing a stage of radio-frequency 
ampli (itation. One of the stages of the 
recei ver under test can usually be made 
to serve very satisfact.orily. If {his is 
not convenient, a separate tuned circuit 
can be connected directly to Ihe gen­
erator output, and the voltage de­
ve)oped acr("s one of the reactances 
used as the high voltage source. Volt­
ages up to 20 or 30 can be ,obtained 
in this way, but it is obvious that they 
must be measured by SOme external in­
strument such as a vacuum tube volt­
meter, since the generator readings be­
come meaningless under such load 
conditions. 

Th e attenuator system has a. usable 
range of output voltage of 500,000 10 
one microvolt. The absolute values of 
th ese voltages are set (or calibrated ) 
by adjusting the current RowinI' 
through the a~tenuator to a value which 
will produce across th e known res is t­
ance the desired value. Tn this case 
J 00 mill iamperes and five ohm s are the 
values uS l"d. The accuracy with wJli ch 
the ma ximum , 'oltage is known de­
pends therefore upon : 

A . The accuracy with which the cur­
rent can be set to the standa rd va lue. 

B. T he accuracy wilh which the at­
tenuMor resi , ;::mce is known. Since 
n.ot stril;tly res, stance, but rather im­
pedance is the fClctor illvol ved here .. a 
knowledge of the frequency character­
istics of the resistance structure used is 
implied. 

When an output voltage less than 
the maximum is to be used another 
factor is involved : 

C. The aCC'lracy with which the at­
tenuation ratios are known, including 
the numl.c r of ratios which must be 
u~cd to obtain the desired volta ge, 

This last {actor is by far the mo st 
serious limitation of the accuracy of 
the apparatus and will be<! c· discussion 
in some detail. It is affected not only 
by the frequency characteristics of the 
r esistance structures used in the al­
tenuator but by all >, orts of unsuspected 
stray couplings and leakage s, the detec­
tion and elim;natiol1 of whic h con­
stitute a problem of considerable 
magnitude. It is not especially difficult 
to build resistance units which will be 
substantiall y fre e of inductive and 
capacl~lve effects, and it is very 
fortunate that in dctermiiling the reo 
sultant impedance of any r h:me l : ~ of 

, the attenuat or net , any reactive COnt­

. ponents must be comoined vectorially 
and in quadrature with lhc res istive 
component. This means that , in series 
wi th a res i stan,e 0 f 5 ohm 5, an induc-

live reactance of 0.5 ohms, instead of 
caus ing a ten per cent error, w ill cause 
an increase of impedance less than one 
per cent. Tbe table below shows the 
inducto:tnce in microhenrys which ap­
proximately corresponds to the 0.5 ohm 
value at various radio fr equencies. It 
is essential thal the inductance of each 
5 .ohm unit be kept below these values 
if proper operation is to lle obtained at 
the frequency considered : 
F.qucncy . kc. , . . 100 SOO 1500 7.;00 15,000 
i>"i~c<ancc,m . h ., .75 . IS OS . (1, (H'S 

1 ' ractically, this means that induct­
ances of leads which are normally not 
considered must not be neglected in the 
design of aHenuators. 

The inductances considered were 
those whose magnitudes would cause 
appreciable errors when connected in 
series with a single element of the at­
tenuator net. "Vhen inductances be­
come common to two or more' elements, 
however, very much smaller induct­
ances tljan those li sted will cause more 

Fig. 1. Simplified a Itenuator struc · 
ture In 150 to 1500 kc. generator . 

serious errors . Fig. 5 has been drawn 
to illustrate how thi s can occur. The 
atte:nuat.or ci rcuit cons idereu is identical 
with that shown in Fig. 4, ,but the re­
, i.,tances are connected to ground in a 
different manner. The first four shunt 
branches are grounded to a metal sub­
base, AB, which is in turn connected 
to the main base or panel through an 
impedance CD. 1£ we assume CD to 
have an impedance of as little as o.or 
ohm, due perha ps to a wire one half 
inch long, or to a slightly high l"C­

sistance structural conllection, it will, 
with the attenuator switch in the posi­
tion shown, have across it a drop of 
1000 microvolts. Thlls the last at­
tClluator section EfoR, which should 
be actuated olliy by a 500 mic rovolt 
drop in EB, will really be actuated by 
this amount in , \.' ries with the drop in 
CD, causing an err or wh ich may be 
larger than a rill io () i two to one . 

If an attempt is made to elimina te this 
erro.· by connecting the lower end of 
lhe slidewire FH to B instead of to 

RADIO ENGINEERING 

the main base a different type of error, 
which may be as great or greater than 
the first, will occur, as shown Fig. 
S-B. The drop in FH is now of the 
proper value, but the voltage across 
CD acts through the distributed ca­
pacity between the microvolter case and 
the receiver casc, producing a current 
wllich retUnlS thr.ough the ground lead 
GK. The drop produced by this ca­
pacity current flowing through the im­
pedance GK appears directly in series 
with the receiver input circuit, and 
thus may cause errors of many hundred 
pcr cent. 

The proper solution, of course, in­
volv(;:; making the impedance CD 
negligibly small- -which, in the case of 
operation al 7500 kc. means smaller 
than 0.00005 m.h . inductive reactance. 
This i, not easily done, even if the 
plate AS is placed directly in contact 
with the main base. A special arrange­
ment of shieldiug to control the paths 
of Ihe return currents has been found 
lIecessary to a practical solution of the 
problem. 

The above ex amples are not in any 
way ir:tcnded to be a complet·e sum­
mary of possi-ble attenuator troubles. 
They a l" e given merely to serve as ex ­
ampl es of the difficulties encountered 
and of the mag nitudes of the quantities 
which cause these effects. A g reat 
many of the faults of an a ttenuator 
s tructure will show up as stray or zero 
s ignal, an output voltage which appears 
al the receiver terminals when the 
l1licrovolter output control s are set for 
nominally zero output. Tn the second 
case discussed, for example , the voltage 
dror in the ground kad GK will not 
he affected by the position of the out­
put slidewire, and even with Ihis con­
t ro I set at zero a yer)' st rong signal 
would Sl ill reach I he recei ver , 

Of course, s tra y signa ls may also 
reach the receiver due to in sufficient 
shidding of the generator or filtering 
,0 f the supply leads . It i ~ necessary 
to eliminate such strays ,beiure critical 
tests can be made on the attenuation 
system. The first step in testing a rnicro­
volter, therefore, is to make sure that 
the stray signal is negligible in com­
parison with the voltage being meas­
ured. If it cannot be made so, accurate 
results cannot be hoped fOl· . 

Checking Accuracy 

The best method of checking the ac­
curacy oE a gencratnr, aft er making 
sure that stnlY signals arc negligible, 
is to check th e ranges of the step a.t­
teIlU'<ltOl" against the slidcwirc. [o'or in­
stance, with the attenuator switch on 
x I and the s ideI\' i rc " l full sca·le, a 
recei ver connected to the generator is 
adjusted to obtain a given audio output. 
The attcnuator switcll is then placed on 
the XIO step.. whe11 the same a udio 
output should be .obta ined wilh Il,r. 
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l:'\"lvi I' ,; $t:I, at OIlC (cllth full scale. 
I ,,,II ~,,' >!III.: 'ks art: 1l1,1(le iJelll'een the 

" iI ' ~ I ' nll'CI'll il to r .~tcps and at various 
' Itl l", 1I""Jl I('f \(;ics :1\ lhe rang e of th e 

" 1"' 1'11 1 ... 1' . AllY ciitncult ies due to re-
t· d \ ' t' -r rors ill the a.ttenuatol' will 
(" 0\\' :1 ,yslL'lllatic increase with Ill­

, ! " " t: 0 f r r c: qllency. 
S inli !:lr rhccks can be made on the 

11'\' "I' Ill ic rovoiter using a fixe d ,Out­
I l,l I" "!ist:mce and variable a ttenuator 
' "11 " 111, hilt not as accurately , T he 
,".'1"1' ,:allnot be read over" ten to 
"'I!' l'cillh"; , and even a comparison over 
II ' 111:.1 1<: 1' range will in genera in­
"" II'\: Oll t: reading quite low on the 
' "1' 1" 1' ,'.;alc where accurate observa­
,:, " ' ~ (; ;1I1I1I)t be made. A further di f­
h ·"lly with this system is that in gen­
, , to! 1111\ chang e of attenuator current 
" ." I ~ ")1on th e oscillator supplying the 
" " "" '111, chllngin O' its osci ll ation fre­
tl ll [" "~Y somcwhat. 

1\ 11 1) 1 her method 0 f check is to com-
1'1,",> III<' attenuator with an externa 
,1I "IIl1a[nr, increas ing the ratio of one 
v l"l, decreasing that ,of the othe r and 
.1, t· ,' ,·i".!; any cha nge of recei ver 0 t­

I ' ' I , T his nrethod sounds easy but it 
~ 'l ll !d l y offers numerous ella 'Kes for 
, , '''I' . For example, the use of a ca­
I'[" ' i l il'e attenuator appears very attrac­
,",\" but is in practicc very trouble-
"II":. T he two main sources of error 

( I) Stray capacities in p~ ~aJlel with 
,I ". low capacity unit . 

:; ') Small inductances in sC'ies w,th 
11,1' Iti,;:-h capacity unit. 

U nless great care is e ~ : e rcised to 
i{ 1I ~"rd against these errors, very mis-
1"I,di llg results may be obtained. A re-
I ;III CC attenuator of 4S and 5 011 :ns 

!I' ~ ,ies is probably the easiest type to 
r" il :. t lllct accurately, and will give sat­
: 1; ldory results if properly made. 
t ' illally. the acid test of all such check­
i'l';: 'lI<'lhods is to try at least two di f­
I " " ' II ( combinations or methods. Then 
I ( ri ll' "esults obtained frol~ them do 
"t check each other, both methods 

[, lI!d be viewed with suspicion until 
111' Sou rce of error is found . 

r II allY event, a properly designed at-
1" lI l1ator system will usually be found 
( to J,:' i I'C (juite accurate res llts, at least 
r,, 'l .. far as can be detected in ordinary 
'(>."I(c. Indeed, the checks which arc 
,,1. lidned in normal use. when p roceed-
1" 1:" frOIl! one range to the next, a r e 
" .II ;dly so dose to the accu racy w ith 
,,,hi'h tlte test can be performed and 
II' r n:adillgs takeo that th.:~ operatOI" is 
1,,01 to hclieve ll,at he is justified in, 
" '!,ciillg- the output dial to one per cellt, 
f I. , i ~ , a ~ ;) matter of fact, justified in 
,, ·~,"illJ.: · il to this accur~, c.)' only w hen 
" I ! , kill~ such measurc!nents as selec­
,k;t y. Over lo~d, and st~ge gaIn, whi c 1 
I " .' t" lalll'e ;:nd comparati ve rather 
Ilo fll' :, bsolute determinations. 

III I "i~ cOllnection it may be w ell to 
I'"i II I Ollt the fallacy of attempting to 

.obtain g r ea e r accuracy of measure­
ment by operating the attenuator sys ­
tem at reduced values of current, 
com mon ly one-half norma l. An analysis 
of the conditions, taking into account 
such fa c ors as the greatly decreased 
accuracy and reliabi l ity of i he current 
indicating meter, the load change which 
alters the osclliator characteristics, and 
the increased ratio between stray cur­
rents f rom the osci llator and the true at­
tenuator current, wi I very quickly show 
that the net resule is a serious loss of 
accuracy. T h e only benefit deri ved 
from the practi ce is an increased ac­
curacy of reading of the output dials . 
Thi s accuracy is already greater in 
most cases, however, Ihan thc known 
a' solute accuracy of the instrument 
j llstifi es. 

Shielding 

In order to prevent so far as po -
sil>le the rad ia ti on of radio-f requeuc)' 
energ y f rom any point othe r han t Je 
desi red one, the output term inals, it is 
"ecessary to shield and confin e the )1Ialll 
o~cillating circuits of the generator 
very carefully, ar:d the attenuation ci .. -
cuits only slightly It ~ s carefully, The 
.oSCIllat ing circuit coils, which are of 
course the Sourcc of the most power­
ful fields, are enclosed in a total of 
three separate shields, while llic re­
mainder of the oscillating CI rCUIt is 
shielded doubly and the attenuator in a 
partially separated double shield. 

T he oscillating coils arc each enclosed 
in a small copper can shield which 
serves to confine the main magnet ic 
fi eld of the co il. T hese cans and the 
res t of the oscillating and modul a tin g 
circuits which are at high r. f. potential 
are enclosed in a large box which is 
r eferred to as the main oscillator box, 
This is mounted on insulated pillars 
and all control shafts passing from it 
to th e front panel have insulating 
couplings inserted in them, T he ob­
ject o f the inSUlation is to prevent cur­
rents frOIn circulating between the box 
and the panel and fl owing through the 
face of the panel, setting up stray volt­
ages and fields, and to insure that only 
one cr round connection is proviciec for 

11 . 'L1l 1~11I1 1 1 1 1 1 1 1 1 1 1 1 1 11111I11UJ/lIII!!!!l!l! 1 t 

Fig . 8, Complete 
receiver testing 
setup in labora· 

tory, 
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the main box This sillg le ground is 
ohlailled through the Belden braid 
wl:ir.h suC'ounds the output leads sup­
p/yin,;' the rtttenuato" curren t. Thus a ll 
ground and return currents are forced 
to flow out along' this braid, surround­
ing I: ,e output leads ( which a r e COI1-

Ii nuously transposed by twis ing them 
around each other ) and eliminating 
large current loops willch might pro­
duce stray fields. 

The physical relation of the various 
parts 0 f the g enerator is sh,own by 
Fig. 6 whi ch shows an interior view of 
the second (I SO to '500 I,c.) type of 
generator. 

Attenuator 

The attenu a tor is contained in a 
copper box which serves both as struc­
tural suppori and shield , and which is 
lai d out physically in such a manner as 
to control the paths of the currents 
Aowing in it and ro force them to flow 
cO\1centrically around lhe path of the 
current ill the attenuator proper, thus 
avoiding coup: i ngs between the known 
and unknowll currellts. The structure 
for the fir -t type of generato r is some­
W 1at complica ted . It is composed of 
three separate sh iel d boxes, one within 
the other, each car rying a. portion of 
the a t1:enuator net\v'o rk a He! the asso­
eiated currents, il order to prevent 
couplings between the high and low 
potential parts of the attenuator :H:t. 

In th e case of the second generator, 
however, the decreased frequency range 
permitted a considerable simplification 
of attenuater structure, a ll of the parts 
being contained ill hut one copper box 
provided with intemal shIelds v , sep;, r­
ate the various sections of the net. A 
side view of t: l is simpler altenuator, 
with the s ide cover removed to show the 
relations of the various parts, is shown 
in Fig. 7. A feature of th is construc­
tion is the easy access which it affords 
for adjustment or replacement of the 
slide wire. In the event of failure of 
the wire a new unit can be in stalled in 
two or th r ee m inute's ti me. This ease 
o f repl acement of the slide wire also 
obtains for the first type 0 f g enerator 
althoug'h it is accompl ished ill a slightly 
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different manner. The complicated 
shielding of the attenuator prevents ac­
cess from the side, so the entire slide 
wire unit is made to be removable 
through a large hole in the panel, this 
hole being covered by the slide wire 
dial in normal use. 

Filters 

Since practically every circuit ele­
ment inside of the main oscillator box 
is at an appreciable radio-frequency 
potential to other ekments and to 
ground, it follow~ that radio-frequency 
voltages appear on all of the leads 
entering and leaving this box for the 
purpose of supplying battl:ry, modulat­
ing voltage, or the panel meters. These 
voltage, must be removed before the 
leads can be exposed to the receiver 
circuits, to prevent the introdu<;tion of 
unknown voltages int.o the measuring 
circuits. Every lead is therefore pro­
vided with a suitable filler, excepting 
only the output current leads, which, in 
place of filtering, are provided with 
shielding. 

The filters are of the famil iar Jow­
pass type in which inductance is in­
serted in series with the line being 
filtered and capa<;ity is connected from 
line to ground. Most of ·these filters 
are very uncritical as to c.onstants, it 
being necessary merely to use coils of 
convenient size and low d-c. resistance, 
and to provide capacities of a fairly 
large size. The filter constants used in 
the battery and output thermocouple 
leads were found experimentally to be 
adequate for these uses. 

In the case of the modulation volt­
age input leads, however, another fac­
tor had to be taken into account, that 
of the efficiency and frequency char­
acteristics of the filter, since it was de­
sired to transmit all frequencies up to 
7000 lVith little attenuation, and to work 
between impedances of the order 0 f 

THE VARIABLE-MU TUBE AND DIS­
TORTION IN RADIO RECEIVERS 

(C onclltded from pagf! 30) 

of curvature at values of So, less than 
roo rapidly diminishes. This happens 
at lhe same time that the input voltage 
J.:g increases rapidly, so that the net 
result is a rapid rise in the distortion. 
J n contrast to thi s, ob$~.rve the gradual 
manner in which the slope of the 55I 
characteristic changes, and the mu('h 
larger value of minimum radius of 
curvature. The radius of curvature is 
fairly large at low values of Sm, where 
the largest values of Eg are encoun­
tered. This is why the type 55 I aCcom­
plishes such a large reduction in the 
distortion. 

The reason for the peculiar shape of 
the type 551 characteristic is found in 

5000 ohms . For th is use a. more care­
ful determination of the constants of 
the circuit was nec~ssary. Still another 
special case was that of the modula­
tion voltmeter d-c. leads. The imped­
ance of the battery lead filters is so low 
(25 .ohms) that if used in the modu­
lation circuit they would have pre­
sented an almost complete short circuit 
to the lower half of the high resistance 
thermo-couple used here, affecting the 
calihration seriously. For this reason 
a 51)l:cial type of filter was used, as 
shown on the circuit diagram . The ca­
pacity to gr,ound was kept as low as 
was consistent with good filtering ac­
tion, while the capacity a<;ross the two 
leads was made high in order that no 
radio voltages might appear across the 
meter terminals. 

Miniature Portable Generator 

The third type of microvolter is 
shown in Fig. 3. It was designed to 
be small in size, completely self­
contamed, and light in weight. The 
tubes used are the new 230 type, which 
can be economically operated from dry 
cells contained within the case of the 
instrument. The use of these smaller 
tubes will not pennit obtaining as high 
an output as can lle taken from the 
I I2-A tubes. The maximum voltage is 
roo,OOO microvolts, appearing across 
the same five ohm attenuator nel Since 
the oscillating circuit power appearing 
in the generator circuits is lower, the 
very complete shielding employed in 
the larger models can be partially 
eliminated. In this model the inner 
shield is not insulated from the outer 
ca~e, permitting a much more rugged 
mechanical structure. Also, no battery 
circuit filters are required, although a 
filter for the external modulating volt­
age input circuit is provided t.o permit 
modulation from an external oscillator. 

• • • 
the detail of constru<;tion of the con­
trol grid. The control grid is so de­
signed that the amplification constant 
of the tube is reduced as the control 
grid bias is increased. The amplifica­
tion constant varies widely and gradu­
ally over the range of grid-bias, and 
tlle term ;'variable-mu" has been 
applied to describe lhis feature. 

Fig. 4 shows an input voltage trans­
conductance charact~ri stic for constant 
modulation rise. Under normal condi ­
lions a rise of about 20 per cent is 
allowable without introducing more 
than a negligible amount of distortion. 
Note parlicularly the large difference 
between values of allowable input vol­
tage at high biases for the type 5'5 [ and 
type '24. 

It will be seen that the lowest portion 
of the 551 curve in Fig. 4 corresponrls 
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Only one meter is ,;sed to indicate 
both the modulating voltage and the 
radio-frequency currl'.nt flowing to the 
atlenualor. Two ~e::parate thermD­
couples are .of course required, but the 
one indicating movement is used for 
both \;ouples by means of a simple 
switching arrangement. 

This model of generator was also 
desired to cover a large frequency 
range, and therefore the oscillating dr­
cuit coils were made plug-in. A worm­
drive tuning condenser similar t,o that 
used in the larger generator is used 
here also. 

Fig. 8, shows one of the larger gen­
erators as it is actually used in the 
laboratory. A small shelf or stand 
about fifteen inches high forms a very 
convenient mounting [or the signal 
generat.or and its associated modulating 
osciiJator. The generator is lifted up 
to a position where its dials are about 
on a level with the eyes of the operator, 
thus reducing r~ading errors and eye 
strain, while tohe bench top is left clear 
for the receiver under test, output 
meter, etc. A ca·ble is provided to con­
nect the generator to the battery box 
on the floor under the bench . Some 
installations have been made in which 
the plate voltage for the setup has been 
obtained from a generously designed "B 
substitute" power supply unit , and 
have given fair satisfaction. The poor 
voltage reg<llation of such devices is 
one .of their chief disadV'antages, 
especially where the external modulat­
ing oscillator is supplied from the same 
source. 

Both of the larger generator models 
have been in almost constant use in the 
laboratory f,or somewhat over a year, 
and have proved to be very satisfactory 
under all operating conditions. No re­
ceiver has yet been encountered which 
could not be completely analysed by this 
type of g~nerator . 

nearly to the point of minimum radius 
of curvature in Fig. 3. Over the entire 
range of control, the type 551 intro­
duces a smaller amount of distortion 
than its forerunner, the type '24. Be­
cause of this advance, as well as several 
more advantages described elsewhere, 
it is believed that the appearance of 
this invention of Messrs . Ballantine 
and Snow of the Boonton Research 
Corporation constitutes a definite step 
forward in the art of <;ommunication. 

• 
EFFECT OF THE MOON ON RADIO 

TRANSMISSION 
In the July issue of RADIO ENGINeER­

(NC will appear an authoritative article 
dealing with lunar as distinguished 
from solar effects upon radio trans­
mission, 

.1 
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Microphonic difficulties 
• 

the superheterodyne 
By RINALDO DE COLA * 
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In Superheterodyne Radio Receivers 
Regeneration May Be Due to Vibration 

of Air Condensers 

Microphonic 
of the Plates 

Introduction 

S I·:VERAL years before the advent 
(,f the UY '227 type tube, a com­
ilion afHiction of many tuned 
radio-frequency receivers, and for 

I hal Ill1ltter receivers of all types, was 
III iI' I"l)phonic regenerati.on £ rom tu~es. 
Tlli~ particular type of regeneratIOn 
\\,I(~ concentraterl in the audio-ire­
'1In'II c Y tubes, and frequently i~ .t!1e d~-
I (·,'\Ill". This greater suscept!b!\1ty In 

I he detcctor tube was, 0 f course, due to 
01" l'orrC5pondingly grc.:ater sensitivity 
IIl1d (0 the fact that it operated as a 
d,·I('I'tor. Experience has shown and 
ilII"ory of thermi,onir circuits subs~n­
li(lles, that in no case when the radlO-
r n'lIl1cflcy ampli fiers are consi dered, 
('1111 microphonic rcgeneration take 
place. Microphonic regeneration, as 
considered in this paper, is that type 
II f rcgene rati on due to the mechanical 
~ Ibration of elements within the rc­
,'" i v ~ r, \IIhi ch causes a su stai ned constant 
Mhl!1(! tv be emitted' from the loud­
~p('aker, this sound being transmi~ted 
hack to its source through the cabmet 
Willis, or through the surrounding 
lit Inospherc, and since it is of the same 
pllll~c as the original sound,. con:e­
'1I1C 11 11 Y rei n forces and sustams : 11 e 
IlHl'illations. This microphonic regcll­
!'rll( iOIl is, of course, very obj<>ctionable 
In IIny radio receiving set. However, 
II (t('r the introduction of the UY 227 
1'1101 i () tube for commerci a1 purposes this 
(,\' J 1(' (I ( regene ration was, as far as 
flldio Ilibes were concerned, completely. 
1"11 lIli niltcd. It has become a part of 
rutllo 11 istory. 

Theory 

Fml1l thc foregoing it is indicated 
(lillt so far as tubes are concerned in 
(ho tllncd r-f. receiver, microphonic 
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regeneration can be dismisocd. That 
such is also true for variable condens­
ers in t.r.r. tuners will also be shown. 
That such is generally the case will be 
proven 
follow. 

in the theoretica.l discussion to 

The .only type of radio. receiv~r 
which is susceptible to mlcrophonlC 
regeneration due to vibration 0 f vari­
able ;iir condensers is the "double de­
tection" or superheterodyne receiver. 
This is true because 0 i the tuned osci 1-
latory circuit in such a. receiver. 

In the superheterodyne receiver we 
will consider ,the received signal to be 
of frequency (j) and the ,oscillator fre­
Quency as a higher value of frequency 
<0,. This point for the oscillator fre­
quency is merely taken for illustration. 
Equal results would be obtained .if a 
lower value of frequency were utIlized. 
The beat frequency of course will be 
(he difference between these two f rc­
qucndes. T lence we obtain for the 
value oi the intermediate frequency, 

WII = ("" - w) (1) 
We can further define (0, and w as 

or 

ill.:.! =- ~ 
'-'I 

where K is equal to I/L and 
K w< = c 

(2) 

(3) 

(4) 

Since the value u) is the transmitting 
station frequency and cannot be changed 
at rthe receiving end it will be considered 
a conslant. l-lence the only available 
manner 1.'0 change (j}u the intermediate 
frequency is by carrying w" the oscilla­
tor frequency. The term I/L in ths case 
also is a constant. The only remaining 
possible way to carry w" is by varying 
the value of the oscillator variable con­
denser c'. Considering a small change 
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-ic, in the oscillator condenser the 
change in the intermediate frequency 
will be, 

6 wn' = '"11' - (~+ 6~J - ~] (5) 

more simply perhaps, 
6 wJj' , ["'"' - (w, + 6 WI)' - w'] (6) 

I n the case of an oscilla,tor condenser 
whose plates are vibrating, ~ue ~o 
mechanical feedback in the cabinet In 
w h i c h the receiver is assumably 
mounted, this vibration is harmonic, 
and can be expressed as, 

D. = Do sin", T (7) 
where Dz is the instantaneous displace­
ment of the condenser plates. D., the 
maximum value of the displacement 
The term sin w T determines the rate 
of vibration, 

It must of course be understood that 
in order that there be a change in the 
condenser capacity due to this vibra­
tion either the rotor or the s'tator plate> 
of the condenser must be assumed at 
rest. I f both condenser units vibrate 
in synchronism there will be no varia­
tion in capacity. Hence a micropho­
nic voltage cannot be generated. I-lo~­
ever, complicated cases may arise 
wllcre one set of plates is vibrating at 
a different frequency than the others 
and is not at rest. Such a condition 
still leads to microphone action, how­
ever, and w~ will, for simplicity in this 
paper, consider that one set of pla.tes 
is stationary while the others are gomg 
through the harmonic action. . 

We will also, for the sake of SIm­

plicity, consider only a unit a.flit of .the 
variable condenser as bemg In motion, 
as this will simp!i fy the solutions con­
si(\cl"ably. 

Since C, is the normal value of ca-

1iI 1111 11111UIIIUIl,llmll!1I1111UIIIIIHI 

Graphic presen· 
tatlo n of eq ua­

tion 8. 

'TI1I1mmWlITlTIllilmIIlJlUIlI'Im'm"l 

.,D::.D,+D.z, 

I J c.=- -.2. + -2 I:VJ .::0,2 
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paci ty for the oscillator condenser, th is 
can be represented as 

1 1 c.=- +- (8) D, D, 
A study of Fig. 1 will prove the above 
relation. 

Expressing the distances D, and D. 
in terms of D gives the following value 
for C. 

1 1 
C, ' " C. h (D _ Dt) + (D _ D,) (9) 

From (6) and (9) we obtain for the 
instantaneous value of C, when the 
r,otor plat~ are vibrating, (we are 
assuming that the rotor plates alone are 
vibrating since this is nearly always 
true) at the rate shown in equation 
(7) or, sin w T. 

Since the harmonic motion as con­
sidered from each plate is 180 degrees 
out of phase the value of the term no. 
for each plate is expressed by 

D 1 = D~sin '" T 
and 

Dx = Do sin w T + "" 
then 

(10) 

(11) 

C .1_ T) + C, = ,+ b = (D - D, -i- Do ~in w 

1 
(D- 0 , + Do-sin", T + rr) ( 12) 

which vallie gives the instantaneous 
value of C,. Then from (3) and (ro) . 

w-l = IK(D-Dt + DosinwT) + (D ­
O, + Do sin <oJ T .;. ")1 (13) 

which gives the imtantaneous value 
of w.2

, which is expr~ssed in (13) as 
w.2• An inspection of equation ([3) 
will show that for values of the sine 
terms equal to zero the value of w/ 
can be expressed as, 

wi" = ",,' (14) 
Huwever, when the sine terms in (13) 
a,re equal to the value for a 90 degree 
angle for the first sine term and the 
value for a 270 degree angle in the 
second sine term the value for w." will 
become, 

wt· -' WI' - A",,' (15) 
The value 6W,2 is the term with 

which we are chiefly concerned since 
upon its value depends the frequency 
of the minophonic voltage. This term 
is only of interest when it falls in the 
audio-frequem:y range since it is then 
that its presence is annoying. Hence 
since the value of w,' is variable 
between the maximum values, 

<.0>,' and ",,' - A w,' 
we obtain for (I), 

Wn = Iw, -vi< -v'(DosinwT + D.sin w 
T + 71) - wi (16) 
Which is equivalent to a frequency 
modulated wave "',. at the audio fre­
quency, equal to the term, 

c> w, = vR " (D. sin w T + Do sin wT+ rr) 
from equalion (16), 

From the above it will be evident 
that in order to keep the tendency to 
microphone down to a minimum in a 
radio receiver the quantity in (15) 

.6WJ.~ must be kept as small as possible, 
At this point we will further inves­

tigate (9). \I\,11ich is here shown 
again for convenience. 

1 1 
CI'= +--(0 - Of) (0 - D,) 

Differentiating, 

dC,= I + 1 (17) 
d L (0 -D.)' (D- D,)' 

Then to find minima for C. Since 
(D-D.)' is equal to D:, and (D-D,) 
is equal to D,', then 

2 2 
D,' + 0,'= 0 

and 
D. =D, (18) 

Thus it can be readily seen from (J 8) 
that for the minimum tendency of the 
OilcillaJtpr condenser to microphone the 
value for C. for the condenser muSt be 
a minimum which is obtained when the 
distances shown in Fig. 1, as D, and 
D. are equal. The foregoing analysis 
has thus indicated that for minimum 
tendency to microphone in a super­
heterodyne recei ver, this microphonic 
voltage originating in the oscillator 
c,ondenser, .tile condenser must be so 
constructed that the amplitude of vi­
bration (equation 16) must be kept to 
an absolute minimum and that the rotor 
plates in the condenser must be located 
in the e..,act center of the stator plates 
at which point the minimum rate varia­
tion takes place in C, for any given 
value of D. in equation (7). 

General 

The foregoing analysis has dealt 
splely with the effect of the vibration 
of the oscillator condenser. However, 
there are many points in the mechan­
ical construction of the condensers and 
possibly circuit arrangements and con­
stants that go {ar to reduce the ,tend­
ency to reduce microphoning. These 
will be discussed in the following para­
graphs . 

It has been fpund that if the oscil­
lator energy feeds into the first detec­
tor and it is not made much larger than 
the amount of energy in the detector 
due to the rccei ved signal in this ci'rcuit 
the tendency to microphone will be 
proportionately reduced. This is due to 
the fact that usually a relatively large 
voltage is fed into the detector from 
the oscillatpr which does not materially 
help the sensitivity of the receiver but 
which increases the tendency to micro­
phone to a much greater extent , This, 
of course, is based on the well-known 
fact that if two sinusoidal e. m. f.'s of 
different frequencies are made to beat, 
the total amplitude ,of the beat signal 
reSUlting therefrom cannot exceed twice 
the amplitude of the weaker signal. In 
ordinary receivers the amount of energy 
from a ,broadcasting station in the first 
detector is not very large, even on pow­
erful local stations, but on the other 
hand the amount of energy induced 
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into this circuit from the oscillator is 
proportionately much larger. This con­
dition only aggravates the tendency to 
microphone and d,oes not materially aid 
the sensiti vity of tbe receiving device. 

It has been found that unless the 
detector circuit of a superheterodyne is 
very dose to the point of oscillation it 
does not have any tendency whatever 
to microphone. This is also true .of any 
r-f. stage which may pr~ede the de­
tector. That this is also true of all 
t. r. f. receivers is readily evident. 

Using commercially accepted radio 
tubes, no difficulty whatever has been 
encountered from microphoning from 
this source. 

The use of metal in condenser plates 
which possess very little ability ~o 
transmit vibrations is of paramount 
importance. If, for instance, one used 
condenser plates made of brass, which 
is an excellent vibration transmitter, 
the rccei ver will not respond to the 
most energetic efforts to eliminate 
microphoning. But, on the ,other hand, 
if one uses a relatively poo r transmit­
ter of mechanical vibrations, such as 
aluminum, the difficulty will ,be reduced 
tremendousl y. 

• 
A. J. CARTER WORLD'S FAIR 
RADIO COMMlnEE CHAIRMAN 

M. F. FLANAGAN, SECRETARY 
1/ N ICK" CAR T E R , president, 

Carter Radio company, and vice­
president, Utah Radio Products, has 
just been appointed chairman of the 
Radio Industries committee of the 
Chicago World's Fair. 

Col. J. Franklin Bell, Chief, Applied 
Science and Industry division of the 
Fair, made the selection of the veteran 
radio manufacturer, whom all radio men 
know as one of the four founders 
of the Radio Manufacturers Associa­
tion. 

The industry, according to Mr. 
Carter, is to have a place of major im­
portance among the "live" exhibits at 
the exposition, 'which is expected to 
draw 350,000 visitors daily during its 
run of five months, June to November, 
1933· 

M. F. Flanagan, executive secretary, 
Radio Manufaclurers Association, is 
Mr. Carter's first appointment. He will 
serve as secretary of the Radio Indus­
tries committee. A strong and vigorous 
m r.mbership of leading radio manufac­
turers will c:omplete the personnel of 
the committee and guide its destinies. 

• 
CONSTRUCTION OF HAWAIIAN 
INTERISLAND RADIOTELEPHONE 

SYSTEM BEGUN 
The ~\lutual Telephone Co, has begun 

actual cons truction of the interisland 
radio telephone syst~JI1 on four islands 
and installation of a new land telephone 
system on the island oJ Molokai . 
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Typical 

public-address 

installations 

dynamic speakers, -allowing about 75 
watts undistorted output per speaker. 

A controlling factor, however, was 
the lon~ run of the voice lines fr.om the 
microphone. Naturally, the two-stage 
microphone amplifier had to be located 
close to the microphone, as the distance 
from the mike t.O the speakers was 
either 800 or lIOO feet, dependent on 
whether the game was baseball or foot­
ball. After due consideration, it was 
decided to use a 6o-ohm line between 
the mike amplifier and the voltage am­
plifier, and to locate the latter as near 
the speakers as possible. Low capacity 
lead-sheathed twin cable was adopted 
throughout, having a d-c, resistance of 
about 5 ohms per 1000 ft, The final 
arrangement therefore was to house the 
main amplifif'rs in the base of the light­
ing tower-ror which purpose a room 
was huilt-and to work direct from the 
ampl ifiers into t.he speaker voice cpils. 
This ot course necessitated using out­
put transformers having two ls·ohm 
windings, or rather, less . 

By HENRY L. WILLIAMS 
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Although the 
Are Special, 

Requirements for Each Installation 
There Are Various Fundamentals 

Common to All. 

W
HEN municipalities or pub­
lic authorities want a public­
address or ceotralized radio 
system installed they usually 

11'1:dll an engineer to draw up definite 
~\1(:(·irlcations. Private concerns, on 
IlIr' olher hand, g-enera1ly leave the lay­
"iii to the individual contractor, so that 
"111'11 sound engineer designs his own 
'I Y~ICI1l and the resulting estimates 
IIIIIY vary as much as 100 per cent. 

This is one of the reasoos why the 
""lIlld installation concerns should have 
n ("('lIlly competent eogincer on the staff, 
1'\,('11 though they specialize in the use of 
l'lcllll·y·built equipment On the sound­
l'l"o<iucing capacity of the equipment 
.!I'[lenus the price, and efficiency often 
Il"ycrns the capacity of any unit. An 
Ilirflicient layout therefore usually costs 
IiIOfC than it should-if the contractor is 
(Ilrtllnate enough to get the job. 

The necessity for careful planning of 
111\ installation is well illustrated in the 
(oilowin!; example. 

The requirements under this contract 
W~ rc rl p-a, system to cover a new ball­
!lurk scating 35,000 people, As the park 
Willi also to be used as a football field, 
1\ Mcconu position was de~ignated for the 
11I1t ~ \'nphone, which therefore had to be 
IIll1yublc, Both radio and phonograph 
111111 to be provided so that they could 
l'll/l<lily be controlled by the announcer. 

The real problems of this installation 
W(lro introduced by the fact that the 
_I!fluker assembly had to be ",ounted at 
1\ conlllderable distance from the an-
11Cllltlcing points-raising Questions of 
voltnlre drop and efficient impedance 
"l'lntiona, 

A. the sketch-plan, Fig. I, shows, the 
~"."kcn were to be mounted e)f1 the 120-

Ilmlmlmllll~mllmllllllllmmlmlllm~llmmllll~mlwmllllllllIllmrllmlllllllllWmllllmwmlllllrumll 

foot I ighting tower. As it was pro­
posed to use ;1 certain make of horns, 
these were drawn to scale on the park 
elevation and plan blueprints, Accurate 
projection of the sound beams, both 
horizontally and vertically, sh,owed that 
the most efficient height for these horns 
was a little over 6s-feet, and that six 
of them would he required to give the 
nec.essary spread. 

The next problem was to decide on 
the most efficient arrangement of the 
amplifiers. It wa.s determined that the 
utmost in flexibility could be secured­
allowing for future expansion-by using 
one PAM-5a voltage amplifier (consist­
ing of a type -27 tube working into a 
pair of -45'S) feeding three PAM-:2sa 
power amplifiers (two -27'S and two 
- 50'S, both push-pull). These three out­
put stages would each work into two 

This arrangement resulted in the use 
of six separate pairs from the ampli­
fiers to the speakers. This was con· 
siden:d a better arrangement than 
putting the voice coils in series, as in 
case of breakdown each line c,ould then 
be checked separately. 

A refinement introduced here was 
the installa.tion of an impedance plug 
panel which enabled each voice coil 
circuit to be opened and an impedance 
of equal value substituted in the feed 
line, by means of an ordinary plug, 
Thus, should a voice coil burn out, it 
could readily be detected and the im­
pedance substituted. The length of 
the IS-ohm lines, it will be noted was 
but 6crfeet 

In order to minimize the possibility 
of having to service the speakers on the 
mast, the standard dry rectifiers were 
removed and the fields supplied from 
rt tube-type rectifier assembly in the 
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FIg. 3. Amplifier layout . 

amplifier room, using pairs of type -8I 
tubes for full-wave rectification. 

Announcing Equipment 

As the microphone assembly had to 
be portable, it was necessary tp house 
the mike amplilier in a suitable carry­
ing box, with plug receptacles for the 
phonograph and radio, and a simple 
switching arrangement. All that the 
annOlUlcer had to do then was to detach 
his a-c. and line cords. A special small 
bakelite panel was built into the end of 
this box to carry the switches, and in­
dicator lights were provided to show 
what was ".on" and what was "off." 
A switch on the plug panel in the prcss 
box where the announcing was done, 
cut out the dead end of the line when 
the remote position wa.s not in use. 

On the same panel was incorporated 
a momentary-contact switch which 
operated a relay in the amplifier room 
and lhrew the a-c . "on" or "off." With 

VACUUM TUBES OPERATE 
ELEVATORS 

T liREE element tubes, similar to 
radio tubes, are employed in the con­

trol of automatic elevators. These 
lubes really act as Ihe "human agency" 
carrying the signal that informs the 
control machinery as to when to stop 
the elevator. In the usual set-up, sev­
eral tubes are mOlUlted on each ele­
vator car, normally in oscillation. By 
a special arrangement of coils and 
vanes, the motion of the car is made 
to stop the oscillation of the tube, thus 
actuating relays which in turn govern 
the control circuits that slow up the 
car and stop it at the desired position . 

Other Uses 

The use of vacuum tubes in engi . 
neering and research laboratories is 
increasing every day. Outstanding in 
their present-day application, are: for 
measurement of high-frequency cur­
rents of small magnitude-the instru­
ment employed is known as a vacuum 
tube voltmeter; for creating sound 
waves of any desired frequency or in· 

this ar:·angement, tbe announcer could 
oj'erate the ellti re system from the press 
box or the football announcing booth, 
and it was uDneces~ary to enter the 
amplifier hut. 

In distinct contrast to this job as to 
the problems involved, was a small ship 
ins lallation. This installation, which 
was duplica led on another boat, con­
sisted of four dynamIC speakers built 
into the panelling of three public 
rooms-the smoke-room, observation 
room, and dining saloon. Music' is 
provided by a phonograph and radIO 
receiver, with centralized control of 
v,olume. The receiver used is the latest 
type super~leterodyne having a pair of 
-45 tubes in the output stage. This, 
of cour~e, was not quite sufficient out­
put for the four speakers, giving but 
a little over I watt per speaker. A 
separate output stage of push-pull-50'S 
therefore was built up in this installa­
tion from AmerTran parts, with its 

• • • 
tensity-a device known a5 an audio 
frequency oscillator is here utilized; 
for producing radio frequency signals 
of any desired wave length-this is 
performed by an instrument called a 
radio frequency oscillator, one of its 
most important uses being in the eA'i­
ei<:ncy testing of radio receivers. 

• 
GROUP AUDIENCES 

AN interesting psychological fact 
with respect to the growing "pull­

ing power" 0 f radio programs coin­
cident with the improved quality of 
uroadcasting being evidenced; is pointed 
to by D . F. Ketcham of th,~ Sales Pro­
motion Department of E. T . Cunning­
ham, Inc., who gives it as his opinion 
that radio is becoming less and less a 
matter of mass entertainment and de­
veloping steadily into small selective 
groups with specialized tastes. 

In tbe not recent past, he states, radio 
entertainment was merely a background 
for lhe evening's activities. Now, how­
ever, he believes that the high quality 
of musical and educational features 
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own power supply. It was considered 
quite unnece~;;ary to go to the trouble 
of altering the -45 stage to -27's as 
there was ample gain in the -45 stage 
to produce ma.-<imum grid swing on the 
-50'S . 

As the ship's supply was II SoY. d-c., a 
converter was supplied to transform 
this into no-v. a-c. Some temp.ol·ary 
difficulty was experienced with this 350-
watt converler due to the hum of the 
armature. The convertet" was installed 
in the engine room, yet the faint whine 
was aud i ble two decks above at the 
radio input. Mounting the converter 
on springs eliminated this, while the 
abolition .of the frame. ground also 
helped. 

AI! speaker fields, which were: de­
signed for IOO-V. d-c., were fed from 
the distribution box at the radio so that 
they were automatically switched off 
with the radio. 

Multiple Speakers 

Another minor problem that prom­
ised to give trouble was the method of 
splitting the putput among the three 
speaker cirCUits, each being handkd by 
a separate volume control. The first 
method tri ed was to insert an output 
amplifier having a separate secondary 
winding for each speaker circuit. This 
however did not gi ve the (!uality desired. 
The arrangement finally adopted con­
sisted of using the original speaker 
input transformers removed from the 
speakers and mounted on the amplifier. 
The quality was tben excellent, regard­
less .of the position of the various vol­
ume controls. Packard No. 77 cable 
was used for voice lines throughout. 

prO\'lded is divining the listener au­
dience inlu various selective groups, 
with the radio program constituting the 
"star" role of each group's activities. 

"There is no doubt," he concludes, 
"that such selectl H; listening is adding 
immeasurably to the potency of radio 
as a dominating- faclor in the aesthetic, 
cultural and educational life of our 
American citizensh ip." 

• 
WAGES PAID TO RADIO OPERA­

TORS ON GERMAN SHIPS 
The monthly wage paid to German 

radio operators, as of January I, 

amounts to $8r .20 for ocean voyages . 
The wage rate on vessels plying be­
tween German ports and porls of Great 
Britian and Ireland are approximately 
ten p"r cent less than on ocean voyages, 
while the wage scale on vessels plying 
between German ports and those on 
the Baltic and North Sea are approxi­
mately 20 per cent less than on long 
runs. (Vice CU1I-slll Sabill I. Dal!eres, 
Hrvmburg, GermallY, 4/16/31.) 
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YOU WOULDN'T TOLERATE 

c: S 

YN1llAN£ 
./.JJmillu/cn Bakclltc 

A BRITTLE ROD 

How do your customers 

feel about brittle insulation? 

IF the insulation in your products breaks under use, it's worse 

than useless - it's not ® dependable. That means returned 

goods and dissatisfied customers. » }) ,. Why take unnecessary 

chances when you can be sure by using Synthane [BIG Laminated 
lflPiJll 

Bakelite? It '8 dependable. You know that in turn your products 

are ~ dependable - that your customers will be satisfied. 

II » » In addition to resiliency and structural strength, Synthane 

has many other superior features, both electrical ® and physical, 

which we will gladly explain to you. It is made only of 

the finest materials, ~ giving you only the best results. )I It ,. 

Your customers will not tolerate brittle insulation any more than 

you would tolerate a brittle fi.~hing rod. » » » Be ~ sure 

- use Syn-thane. Gene.rous samples for testing sent on 

request. Synthane Corporation, Oaks, Pennsylvania . 

NEW YORK · C HI CAGO ' PHILADElPHIA . DAYTON . LOS ANGELES . SAN FRANCISCO 
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The properties 

of insulators 
By EDWARD LUPTON) D .Se., Ph.D. 

THE various classes of insulating 
materials arc as follows : 

Solids. 
:--/atural : Gums and resins, wood, 
marble, slate, asbestos, etc. 
Manufactured : Paper, vukanile, 
glass, moulded compositions, porc(:­
lain, etc. 
l'lastics: India rubber, gulla-percha, 
pitch, waxes, etc. 

Liquids. 
Solidified on application: Varnish, 
shellac, paint, enamel, etc. 

Gases. 
Atmospheric air and some other 
gases. 

De5ira ble Properties 

The desirable properties, e1ec:trically. 
are: 

a. High resistivity. 
b. Small surface leakage. 
c. Great disruptive strength. 
d. Low power factor. 
e. Low dielectric hysteresis. 
f. Low didectric absorption. 
g . SmaU temperature coefficient 0 [ 

resistance. 
h. Low dielectric constant (for 
high frequency work). 

The mechanical properties are obvi­
ous, and comprise great strength 
(tensile, compressive and shearing), 
nonJbrittlen ,:ss, ease of working, etc. 

Some of the requirements for electri­
cal uses will now be explained. 

(a) High resistivity. Resistivity or 
specific resistance is the reciprocal of 
conductance, and so, as high conduct­
ance is necessary for the connecting 
leads, low conductance is required for 
the insulating materials. This applies 
to both low and high frequencies. 

(b) S lIuul S1l-rface leakage. In 
most insulators the resistance of a solid 
block of the material to current is far 
higher than the resistance of a surface 
of the material in contact with air. 
This is because the surface in contact 
with ai r is more or less moist, and at­
tracts dust and olher conducting par­
ticles from the atmosphere. 

A satisfactory insulator must there­
fore have a low surface leakage. The 
case of moulder! insulators is an illus-

tration. The gap between the two metal 
Lolts may be only about haH an inch, 
but the surface length from bolt to bolt 
is several i nc:hes. 

The surface resistance is necessarily 
dependent upon the condition of the ai r 
ill contact, and is low in humid air and 
much higher in very dry weather. For 
both low and high frequenci es the sur­
face leakage should be small. 

(c) Disruptive streng/h. The dis­
ruptive strength of a material is its 
ability to withstand actual physic.1.1 
breakdown cau .'l\~d by electrical means. 
When a solid insulator has a potential 
applied to it whic.h is gradually in­
crrased, the material will break down 
(It a cerlain voltage and be either 
punctured or smashed. 

(d) Power factor. The power 
factor for a vacuum is zero, and for 
atmospheric air is negligible. For 
solids the power factor is not negligible, 

mll~mm~~~loorulm~m~!ru~~rur 

One of the most important 
studies for radio work is 
that of insulators. 

m~i l l mllllllmll l llll ll~[lIII IIIII III!l l lmml ! 11 

and as iL leads to waste of power it 
should be as low as possible. T his is 
espec.ially important in condensers for 
high frequency . 

(e) Dieleclric hysteresis. Dielec-
trics other than air do not acquire their 
charged condition immediately a 
potential is applied. The lag of the 
resultant charge with the applied 
potential is called dielectric hysteresis, 
and is similar to magnetic hysteresis ill 
iron. 

In common with power factor , it is 
objectionable for high frequency in­
sulators and condensers . 

(f) Dietectric absorptiOll . A con­
denser with a dry air dielectric is prac­
tically perfect, as it has negligible 
power factor auu dielectric hysteresis 
and a high disruptive s t r eng t h . 
Further, when it is discharged the 
charge is neutralized immediately. 
With other dielectrics the charge is not 
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all gotten rid of at once. I f the con­
deDser is shorted and then insulated, 
roost of the charge will have been 
neutralized, but on shorting again 
a fter a minute or two another dis­
charge, smallel' than lhe first, wi!! take 
place. This is (lue to dielectric absorp­
tion, or soaking in of the charge. Simi­
larly, on charging for a long time the 
condenSl1'r will acquire a greater quan­
tity of electricity Ulan if it is charged 
for an instant only. j'or air condensers 
there is negligible absorption. 

(g) T~tn"erall/re coe /ficiellt of re­
sistance. Most conductors increase 
their resistance with an increase of 
temperature. An exception is carbon, 
which decreases. Thus carbon is said 
to possess a negative temperature co­
efficient. As some insulators are 
organic they are similar to carbon in 
having a negative coefficirnl, while 
others are positiv (~ . If a resistance is 
tested at two differt>nt temperatures the 
resistance found m ch time will be 
different, due to this cause. 

(It) Dlelectri.c cOllstanl. The di-
electric constant or speclnc inductive 
npacily of free air is considered as 
unity, and all olilers are e."pressed III 

tcrms of this . I f an air condenser has 
its air spaces filled with another di­
electric lhe capaci Iy of the condenser 
will be increased. The ratio of the 
capacity of the condenser Wilh the ma­
terial as dielectric to the c-'lpacity of the 
same condenser with air as dielectric, is 
called the dielectric constant of the ma­
terial, and will not vary from a given 
sample of the substance under the same 
conditions. For insulating work this 
should be low, as at high frequency a 
given capacity passes more current than 
at low frequency . A panel made with 
a material of dielectric constant of ten 
will therefore have ten times the stray 
c:apacity of one with a material of di­
electric constant unity. (Actually, only 
air and some other gases have values 
as low as 1. ) For d i el ectrics in con­
densers the case is di fferent, and the 
size of a given condenser will be re­
duced by using a material of high di­
electric constant. The material used, 
must, however, satisfy t.he conditions in 
the above list of properties as well, and 
in general no one substance will satisfy 
all the conditions. 

Some values of the above constants 
for different materials are now given. 

Resistivity 
Oh",. per 

cubic~cmtlmeter . 
Mica. greater (han . . . . ... 8.4 " 10" 
MiC'aDlte , gr\."atcr than . .. ,., 249 .0 JC. lOU. 
Shellac. gte.ter tban . . . . . . . . 900.0 x 10" 
fjard rubber. gr ... l<r tban . ...... . 2800.0 x 10" 
PAraffin W3X, grc~te1' thall . ',',... J .O x lon 
Q u artt, greater than . .... . . .. , , . . • J.2 X 1011) 
Marble. greater I"an ... .... .. . '. 1.0 " 10' 

These are given as the resistance be­
tv{een opposite faces of a cube of one­
centimeter ·sides. Actually, they are 
measured with a difTerent size, in which 

M 
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THE NEW MAGNAVOX "140" SYMPHONIC 

SPEAKER HAS BECOME A SENSATION OVERNIGHT 

-AND AN INSTANTANEOUS SUCCESS. NEVER 

BEFORE HAS A SPEAKER OF SUCH SPLENDID VOICE 

AND STURDY CONSTRUCTION BEEN AVAILABLE 
MANY COMPROMISE ON THE MIDDLE REGISTER 

AT SO A TIRACTIVE A PRICE .... MANY OF THE 

BETIER SETS EXHIBITED AT THE TRADE SHOWS 

FEATURE THE NEW MAGNAVOX. IT CAN NOW 

nUT ONlY MAGNAYOX GIVES YOU FULL 
S Y MPH 0 N' C TO N E RAN G E BE FURNISHED IN THREE MODELS: THE 1J140~1 WITH 

SEE THE N~W MAGNAVOX 

SYMPHONIC SPEAKER ANO 

'HE NEW MERSHONS AT THE 

R. M. A. TRAOE SHOW ANO 

THE I. R. E. CONVENTION 

SIX AND THREE-QUARTER-INCH CONEj THE 1'142" 

WITH EIGHT AND ONE-QUARTER-INCH CONE; THE 

1/143" WITH TEN AND ONE-QUARTER-INCH CONE. 

Nafloaoox C"mpanyLid. 
Ex«U/;u. ond Sal., Office., 8--

155 /:: ... OhIO St. . Chic.ago, III. 

FlJC,Ml('.~: 

FOr-l W:'IY'oe, Iud . 

Sub~iJio.r~ : 

Tt14: M .. gna'Vol CompAoy 
tle-t.:tro For(natioll j roc. 

MagnD'''o'X (Gred t Briuia) Ltd . 
l\fagna\·o:x. (AU3\raIi.o:) LuI. 

Maf/oapox SPEAKERS 
THE PRODUCT OF TWENTY YEARS' PIONEER RESEARCH 
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!>urface leakage is el iminated. Sur face 
leakage is not a constanl, and cannot be 
tabulated. 

Disruptive Strength 

No figures are given for the disrup­
ti ve strengths of various materials, 
since these figures seem to vary to a 
large extent with di fferent samples, 
particularly for tlle naturally occurring 
illsulating substances. 

Power FClctor 

The power factor is less than 1 per 
cent for lhe following: Dry paper, 
paraffin wax, mica, hard rubber, india 
rubller, and vulcanit:cd india rubber. 

It is less than 2 pcr cent for glass and 
gl!-tta-pen;ha. 

Dielectric Constants 

Air, dry, at 760 nJn!. pressure Unity 
Hard rubber - ' _ ......... .. 2 ·5- 3·5 
Glass, light to very dense .... 0.5- - 10 

India rubber .. - _ . ..... .. .. 2·3- . 3 
Mic,1 ... ... . . ... ... _ . . .. _ . G . ~ 8 
ParRRiIl wax . ...... ... .. .. !. 9- '2 ·5 
Shellac . . . .... . . . ...... .. · '2 ·7- 3·7 
QU3n-Z . .......... .. ... ... <1 . 5 

Some of the insulating subst<1nces 
ha ve been 0111 i ttcd frolll these list's 
where seriOlls discrepancies C-}(ist be­
tween the published figures for the 
various constants. 

BUENOS AIRES AN IMPORTANT 
INTERNATIONAL COMMUNICA· 

nON CENTER 

Direct radiotelegraphic communica­
tion with Amsterdam, Holland, was 
established by the Transradio Interna­
cional on February 2 . This company 
has secured a contract from the Dutch 
authorities for the C-}(ploitation of the 
system and will work the circuit in 
conjunction with the direct services to 
the United States, Great Britain, 
France. Germany, Spain, Italy, Brazil, 
Chile and Paraguay. Radio telephone 
service between Australia and Argen­
tina, 1; ruguay and Chi le was opened on 
April 8, using the radiotel ephone cir­
cuit which the International Telephone 
and Telegraph Corporation operates, in 
conjW1ction with the British Post 
Office, between Buenos Aires and 
Rugby, England, and the circuit operated 
by th.' TIritish Post Office at Rugby and 
the Amalgamated Wireless Co. at 
Sydney, Australia. In Buenos Aires 
this circuit will connect with the lines 
of the United River Plate Telephone 
Co. which operates the most extensive 
telephone system throughout the Argen-

ConsiderCltion of Some Insulators 

Paraffin wax.-This is one of the 
best insulators, when it om be used. 
For research work where the minimu.n:J 
leakage of current is essential, all the 
insulation is of wax; hard rubber and 
mica are far too low in their resistivi­
ties, botl} volume and surface. 

Hard ru.bber. The best is a good in­
sulating material, the worst is very bad. 
As nlRde, it is usually coated with 
finely-divided tin-foil. which is used in 
its manufacture. 

This gives a bright, shiny appear­
ance. which is often referred to as 
"polish." The tinfoil makes its surface 
conducting, and so if used like this th<.' 
leakage will be considerable, although 
the actual insulation through the ma­
teriR! may be very high. 

It is often stated that the matt-sur­
face hard rubber is the best for insula­
tion. This is not necessarily so, anel 
correctly polished hard rubber is usu­
ally more salis (actor),. 

It should bc noted that in all high­
clRSS electrical instruments the hard 
rubber is invariably poli shed. 

This polished surface must not be 
confused with the tin foil surface which 
i~ present when the hard rubber is 
bought. 

M'ica, alld micai/lile. Mica ·is a 
natural mineral and has good insulating 
properties. It is liable to have conduct­
ing ' veins running through it, which 
somewhat reduce its value. 

Mica is difficult to obtain in large 

~ ~ ~ 

tine, and also connection will be made 
with the modern international teJephon~ 
circuits which run under the River 
Plate to Uruguay and across the Pampa 
and over the Andes Mountains to 
Chile, this last form ing the highest in­
ternational telephone line in the world. 

Plans now rapidly approaching con­
clusion will bring the telephone services 
of Bogota and Rio de Janeiro into 
direct touch with local circuits. Two 
new wirelc~ s-telephone transmitting 
stations and two receiving stations ar,' 
liow under construction at Bogota and 
Santiago, Chile, respectively, and equip­
ment for a new circuit is being in­
stalled in the stations at Burlingham 
and PJatanos, neal' Buenos Aires. The 
sending and receiving stations under 
construction in Rio de Janeiro by the 
Compania Radio International de 
Brazil are being prepared to work with 
those of the Compania lnlernacional de 
Hadio (Argentina) in Buenos Aires 
and the Compania Intemacional de 
Radio (Espana) in Madrid, as well as 
to provide direct service with the 
United States. (Assistanl Trade Com­
missioner Charles H. Ducote, Buenos 
A ires, 2/I 3/31. ) 
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sheets, and so for work requirmg large 
pieces micanite is used. 

Mica easily laminates, all(! a piece !;an 
usually be split up into laminae of less 
th<ln a thousandth of an inch thick. 

Construction of Micanite 
To make micanite, mica is laminated 

and the small pieces are stuck together 
with hot shellac varnish. While tile 
micanite is hol it can be bent int'o vari­
ous shapes, and is often made into tubes 
while hot, so that when cold a firm, 
hard tube of insulating material results. 

This process avoids the metallic veill~ 
becoming troublesome, as they become 
separated on lamination. 

Wood. Hard, dry woods may often 
be used even for radio work. It is 
c~selltial to use dry wood, and the hard 
woods are much more satisfactory thau 
soft. 

Before use it is best to soak the 
previously-warmed wood in 11101('<:11 

paraffin wax until bul)bles cease to rise. 
The wood, when cold, will rhen be of 
high resistance, lloth volume and sur­
face, and will resist moislure on its 
surface. 

Marble alld slate. These are lIsed 
very little in radio work, but in low­
tension electrical engineering they are 
invaluable. 

To sum111ari7.e, it is ol1ly neCt' ~sal'y lo 
point out that for certain radio pur­
poses air is the best insulator, when 
it can be used, owing to iI's negligible 
power {actor, hysteresis, etc., and low 
dielectric constant. 

AUTOMOBILES DISTURB TRANS­
OCEAN RADIO RECEIVERS 

While horse' drawn vehicles are 
generally eonsider~d a relic of a less 
scientific era, they have not merely 
survived the obliterating- movement of 
a machine civilization, but are neces­
sary to its efficient functioning, as a 
means of transportation in the vicinity 
of the commerci<11 receiving stations, 
where te1ephon,' calls from Europe and 
South America are rerouted over the 
telephone lines to subscribers in the 
United States. 

Interference caused by automobile 
ignition, which contributes no small 
portion of the annoying background 
noise of broadcast program reception, 
cannot be tolerated in a commercial 
telephone ci rcuit, and there is a zone, 
surrounding the Bell Telephone recei\'­
ir.g stations at N ctcong. New Jersey, 
inside of which no automobiles are per­
mitted, other than official cars with 
shielded ignition systems. These re­
eei ving points have even been located 
away from airplane routes in an effort 
to avoid background noi se, and much of 
th e transportation at the sta tion depends 
on the horse and wagon. 
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EWE L 
DEPENDABILITY 

Accuracy in construction makes for accuracy in performance. The watch-like precIsion 50 

~heracteristic of the CENTRA LAB Volume Control is reflected in its smooth, noiseless, ACCU RATE 

r,.·rformance. 

.Jult as satisfactory service in a watch is the result of the perfection of its many paris ... radio per­

formance is no less dependent upon the accuracy of its component units. 

"That more than twenty million radio receivers have been CENTRALAB equipped is a splendid testi­

monial to the watch-like precision with which it is built. 

The New CENTRALAB 
Volume Control 

with Off and On Switch 

More convenient t'" Ill" W he", 
mptJnted .ej)arat~IY. Sa'tle& tOU6. 
""II ua&mbl), CNt. R\l8I rn ftr&t cosIo Engln'CI"$: .,nd YOllr vol""e 

to.~t~1 ·~~Ji~a~~bn"ra'I",;rl:~~I·.i&i~ 
wauk ... Wit. 
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R. S. BURNAP 

ROBERT S. BUR N AP, commercial 
engineer, RCA Radiotron Company, 

Inc., Harrison, N. ]., graduated frolll 
Massachusetts Institute of Technology, 
in 1916, with the B.S . degrcl~ in electri­
cal engineering. 

Since graduation )ir. Burnap has 

R. S. BVR.NAP 
Commercial Engineer, RCA Radio­

tron Co., Inc. 

been continuously identified wilh re­
search and development of elccl riC 

lamps and vacuum tubes. During the 
war he was in U. S. Signal Corps serv­
ice at Camp Vail, N. J. He was for 
fourte en years connected with the Edi­
son Lamp \/y' orks 0 f Ihe General Elec­
tric Company, a year ago becoming 
commerCial engineer for R CA Radio­
tron Co.. I I1C. 

Mr. Burnap is a IVfember of the 
A.I E.E., and of l\:t: S.M.P.E. H e is 
an Associate of the l.KE. and of the 
I.E.S. 

H e has been granted palent~ covcring 
various inventions, particularly the rle­
sIgn of projec.tion type lan:ps. 

Mr. Burnap is a diligent studenl of 
the Iiteralure of radio and of photog­
raphy. lIe possesses a fine collection 
of works on these subjecl~. 

It. 

DATES FOR NATIONAL RADIO 
WEEK SET 

National Radio \Veek for 193' bas 
been definitely set as til<' week oi 
September 21St to 2711 :. which coincides 
with tile dates of the Radio World'~ 
Fair in New York. It will be recalled 
that last y,·;,r thirty-five cities ohserved 
the event. thirLy~lwo ch,,:n programs 

were dedica ted to radio, and ove! two 
hundred broadcasting stations carried 
announcemenls celebrating radio's roth 
Urthday The executive officl:s of the 
N .F.R.A. have already started on plans 
for making i\T;ltional Radio Week a 
more elaborate event this year than 
ever before. Further details for the 
observance of the event will be given 
Gut at a later date. 

.. 
RADIO TALKIES NEARLY READY 

FOR THE HOME 

W ITJ lIN the next few wc(:ks, tele­
vision will likely pass f rOIll the 

pilI-ely engineering state lO the nascent 
showmanship state. 'vV,th the inaugll­
rOition of the first radio talkies studio 
in N ew York City. artists and speal<ers 
will be s~r!l as well as heard by the 
radio audience in hOI\1 ':'; provide,l with 
a televiSIon receiver in addlllon to the 
usual broadcast recei vcr . The pro~ 
grams will be of such varic.1 and elite 1'­

tai ll ing character as to provide fresh 
radio th rills to those who call look ill 
as well as I isten in. 

Radio t~lkies, or combined sight and 
sound progrw\ls . are 11l<,c!e possihle hy 
combini ng the television facilitilCs of 
the Jenki,." Television Station W2XCR. 
located on Fi £Ill Avenue, Kc:w York, 
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with the sound broadcasting facilities 
of station we Il S located in Astoria. 
] .. 1. The television transmitter, with 
an output of 5,000 watts, operat<:5 on 
2035 kilocycks or 147.5' meiers, while 
the WGBS transmitter operates on 
I r 80 kilocycles or zS4 melers. The 
signals of the former may be tuned in 
by means of a special televiSIon re­
ceiver with radiovisor, for the pictorial 
component of the program. Tuning 
the broadcast receiver to 254 meters 
provides tIle synchronized sound com­
ponent The visual and aural combina­
tion is pr,l \: tically the same idea as the 
present-day talkies contrasted with the 
f Ofmc r silent pi clures. 

The radio talkies studio, in the same 
huilding as the television transmitter, is 
not unlike the u~ual broadcasting studio 
with draperi es and other au·ustic treat­
ment. However, in addition to micro­
phones, :he perlormer [aces a sweeping 
heam of light which scans or analyzes 
the image to be transmitted. T h e beam 
sweeps Ihe subject in 60 parallel lines 
at the rate of 7() times or frames per 
~ecolld. The reflected light f rom the 
Image is picked up by a battery of 
photoelcc~ric or I ight-sensiti ve cells, 
sometimes referred to as electric eyes . 
which translate the varying amoulll of 
light into corresponding electrical 
terms amplified millions ot times. 

,,_, ,,» 1111 M" 1111.111111111:1111' lin 'UII'1JI1I1I 1I1 11IImmTIIIll"~ 1 1I1I1I1I1II1111111111 11 11111'llluumIIlIlIlU,'lInrlliIIl1l11l1l.lUl, 1I1~:lIIIIIIIUIJIIIIIIllUUIIUIIUUI UlliliummlllllllnnUnTIlTlllIlIIllIIlIIlIIlIlIlIlIIlIIllJllUllIlIUlI '!,j 

i ESSENTIALS OF NATIONAL ELECTRIC CODE APPLIED TO RADIO i 
~ ~ 

Antenn<'l end Counterpoise i1 

If of <:opper, not te88 than 14 gage. Splices or joints must be ~o)dcred, 
or an APPROVED splicing device moy be ll.!Ied. H light socket anlenna 

- used this must be APPROVED. Posetble contact, by swinging Or ~agging, 
with light or power wires must bll avoided. 

Leed-in 

If copper, si:.:e nol less iliun 14 gage_ If coppe~-clad steel. sh:e nOI 
less thlln 17 gage. Altacillnenls mUSI be such thol contact with light or 
power wires Is a\·oided. If lead-in Slrip i. u8ed this m\lst be on APPROVED 
device. The lead-in conduclor from building enlrllnce to re<:elvcr must 

" be rubbe~ covered. 

Lightning Arrester 

Elich lend-in conductor must be proteCled by an APPROVED lightning 
a rrCll tel', which on ' test will operaLe nt 500 "olta or les6. If mounted 

- outside hu.ilding mU~1 be placed a9 near uS possible to point of enlrance. 
_ If inside, may be mounled "I a point between entrance lind receiver. 
-: 

Arrester Ground Contact 

Conductor fronl arrester to ground contact mllst be not smaller than 
No. 14 gog-e, if of copper. Conducl>lm:e per unit length must be not less 
Ihan that o( the leud·in. Must run in 88 nearly a straight liDe a8 posewle 
from arrestcr to ground. Ground roay be to a water pipe (cold) wbere 
in sen'ice and connected 10 ~Irect mains. May be made 10 steel frame of 
building Or to a galvanized pipe Or rod driven into permanenll,.. damp 
earlh. Protective grounding conduclor if run inside building mUM be 
well sccured in vince and Dlust uot be doser thun 2 inches to an electrk 
light Or power wire not in eonduil, unless separated by a continuous, 
fi.nn1:v fixed non-conductor, such as porcelain lubing Or flexible lubing. 
An APPROVED ground clamp rnU81 bc used where ground wire is attached 
to pipe Or rod. 

-
~ 

f." t 
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Every 
Twisted 
Tooth 
Forms a 
Separate 
Lock 

THE tremendous holding power 
of the Shakeproof Lock 

Washer is due to its patented mul· 
tiple locking design. Each twisted 
tooth acts individually and bites 

into both the nut and work surface­
.~c[{ing up a powerful resisting force that 
positively prevents any movement of the 
JlU(. Then, realize that chis force is mul­
tiplied from ten to sixteen times-de­
pending on the number of teeth in the 
washcr- and you can understand why 
Shakcproof is so far superior to any ocher 
locking method. 

You can't save money by buying inferior 
lock washers. They are the greatest cause 
of poor performance, which means ex­
pensive service charges and dissatisfied 
customers_ Give your product the bene­
fit of Shakeproof protection - mail the 
coupon for trial samples, today! 
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u. S. 1'00enrs: 
1.419.S64 
1.6()4.J22 
1,697.9S4 
1.782,~87 

SHAKEPROOF 
Olh~r palen" p.ndj~g. 

IJurrign £)au:CU$. Locl{Washer Company 
(DilJision of Illinois Tool W ol'ks) 

2509 N. Keeler Avenue, Chicago, Ill. 

SIJIIJ,pro~1 rtP"'ltIIIIJ/ivtl art Io<al.d in lhe f~lI~wint: <iIi,. 
,.. ... ""'. fltl' I'hilad.lphia 80"01\ Pittsburgh ScheDeCrady Clevelond 
1'.,,"11 Tlllrdu Cincinnali Birminghom. Ala. Dallu. Teus Milwaukee 
I ... A" .. I.. .$coulc San Francisco Toronto, OnlllIio, Canada 

COUPON 
Gentlemen: We want to test your ShakeproofLock 
Washers. Kindly send us samples as indicated. 

Type .................. ,., ..... ,"',... Size ....... , ........ _ .......... ... . 

T)'pe "" .... " .... " .. " ... "" .... ". Size .......... """." ....... ....... _ 

Firf1l Nal1lt, ..........•.....•. u ... .. .. . .... .. . .. ............ , .... •••••••• • •• ~ ........ _ ••••••• & ... .... 

Addrell .............. ...... .. ....... _ ............ ......... , ... " ... ........... " ........... _ ... . 

CiJy ........... "" .. ... " ... .... ........................ .... " SlaJt ..................... _. 

81 ...................................................... " . ....... T,'l/ • .... _ ...... _ ... _ 
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Design notes on beat 
frequency oscillators 

By GEORGE A. BRUESKE 
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For factory and service radio laboratories the beat 
frequency oscillator herein described will be found of 

real use. 

T
HE beat frequency oscillator is to 
be found in many radio labora­
tories for tne generation of audio­
frequency or low f-f. voltages, It 

has particular advantages wher.;: a wide 
frequency band IS to be covered rapidly 
with but one control. Also, the absence 
of large inductances or capacities in its 
construction, as well as the independ­
ence of the genera ted frequency on the 
output load, hus done much to bring it 
in favor for many purposes. For those 
who have occasion to design such an 
oscillator the following dcsi~n pro­
cedure may be found useful. 

The typical beat frequency oscillator 
consists of two radio-frequency oscil. 
lators, a detector, and, i.l5ually, an am­
plifier to increase the OUI PUt a f the de-­
tector to a useful level. Fig. I rep­
resents such an oscillator. The: two 
frequencies generated by the radio·fre­
quency oscillators are caused 1.0 hetero­
dyne each other in the grid circuit of 
the detector tube, the resulting beat 
note being the frcquency desired in the 
output. The beat frequency will be the 
frequency dlllerence between these two 
radio frequencies, The frequency of 
one of the oscillators is made variable 
to produce the pafticular fre.quency dif­
h:rcnce required witn the othcr oscil­
lator. It is the design of this variJbl~ 
oscillator which concerns us here. 

The frcquency of this r-f. oscillator 
will, of course, be determined by tht: 
inductan("e and the capaci ty in tnc tuned 
cin:llit, shown in f"ig. 2. This consists 
of a fixed inductance L, a variable 
capacity C" and a fixed capacity C, 
which also includes stray capacities 
such as that <) f the associn ted tube, th e 

1lllllllllllllllllllll l lllilllllllllllll lllllllll~ l llm llIltllllllllml llllllllllllllllllllllllllllllllllllll ltlIlll llllrllllllllljl ll~ 

minimum capacity of C, wiring ca­
pacity, etc. Changing the capacity of 
the variable condenser from zero to 
maximum will shi ft the frequency of 
the osci Ilator over its en ti re operating 
range, ~Ild, hence, tne au t put b.::a t fre­
quency will shi ft accordingly. It is 
usual to make the frequency of the 
variable oscillator equal to that of the 
fixed oscillator at one or the other ex­
treme.' of Its frequency range, The 
output or beat f rt"quency will toen be 
zero 

It is necessary bdore proc('~'ding to 
decide on the fn:quency range of the 
r- i. oscillatCJrs, and to choose the vari­
able capacilY C.. The value of Land 
C. remain'" to be computed. 

\Vith C, at zero (when condensl:r 
plates arc all od) the.> frequency of the 
tuned circuit in Fig. 2 will be deter­
mined by Land C, alone. The 
oscillator frequency will then be at its 
highest value, which may be computed 
by the folowing : 

K 
f, = -= 

';L C, 
ill which K is a constant, the value of 
which depends on the units in which L 
and C and fare expressed. 

By squaring both sides of the equa­
(ion, 

f • Ie' 
, = LC, 

amI by transposing: 

(I ) 

K' 
:., C1 =C

1
' = A (2) 

However. with C, at its maximum 
value. th~ lowest frequency, f. will be 
genrrateu, The total capacity in the 
tun.;:d .:ircuit will now be C. + C. As 

USCF"VL 
OUTPUT 

,1II11111~1111[lIlIIIIliIlllllI~rllmllllilIlWlflJnl 

FIg. 1. Beat fee· 
quency oscilla.tor r 

schematic. 
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the inductance will remain unchanged 
as in the equation (I) : 

K 
f.=--= 

.,jL (C, + C~) 
By squaring both sides of the equation 
as before, and by multiplying C, + c. 
1;y L: 

K' 
f,t = L C, + L C. 

and by transposing: 
K' 

L C1 + L c. =1,:'= B (3) 

By comparing equations (2) and (3), 
it is apparent that the differe.nce be­
tween them is that the latter has the 
term L C. whik the nrst has not. So 
i j equation (2) is subtracted from 
equation (3) the remainrkr will be the 
quantity L C,. By carrying out this 
,;;ubtraction; 

(L C, + L.C,)-(LC,)= (~n - (~,) 
·B-A 

or simply; 
LC,=B-A 

Then dividing both sides of tne equa­
tion by C, the inductance L l:an be 
dete rmined. 

B-A 
L = ----c;- (4) 

where the values of A and B are deter­
mined from the equations (2) and (3), 

~, f" f' fV 
,FIQ. 2. Tuned circuit of oscillator. 

C, can now be readily found by lrans­
posing equation (I) to the form 

K' 
C'=f

1
'L (5) 

and by using the value for L deter. 
mined by equation (4). 

For a numerical exampk, suppose it 
is required to design a beat frequency 
oscillator to cover the band of zero to 
10,000 cycles. The frequency band 
cnosen for the vari;t ble asci lIator is to 
run from 100 to 110 kilocydes. The 
condenser for C, available is of 250 !l(J.f 
capacity. The value of K will be 
159,140 where f is given in kilocycles, 
L in microhenries, and c: in micro­
microfarads. Substituting 110 kc and 
the value of K in equation (2), 

,A = 2,090,000 

and similarily, as the value of f, is 100 

kc; from equation (3), 
B = 2 ,530,000 

Then, from ~quation (4): 

Ll'h= 2,S:~O ,OOO-2,090 .o00 =, 760 
25° ' 

Also, from equation (5): 

159 T 40' C f1f1 f = ' = I 220 
no' X 1.760 ' 

H it is desired to use the same size 
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CO ILS-a~d a complete high grade 
eng,neerIng servIce 

~~~----~~------------~ 

Your entire set developed up to the 
coils- -then comes that problem- but 
don't 'worry abollt it- put it up to us- -
we'll give you the right coil solution. 
That's our specialty. 

Our laboratory, under direct 
charge of Mr. \Vm. P. Lear) \vell 
known throughout the radio engi­
neering field, has successfully de­

signed CQils for every type of radio. 

In addition to designing the right coill 
we make, at your request, suggestions 
for improverneots in your set. In return 
for your coil business we will assist in 
designing a set for you or in re-design­
ing your old set. 

vVe originated the first miniature type 
of bank-wound inductance . We also 
did the original thinking and de­
veloping 00 Litz wire, as applied 
to modern radio . 

0111' lavol'a/ ory has II j'IJ.l1d of v alua-ble 
I'lldio i njOl'1nfll io ll. D OH' t hai/ate to bnng 
:},OW· cO il (l;Jld ,I l'! proVJ.em /0 lI S. 

Radio Coil and Wire Corp. 
847 West Harrison Street 

CHICAGO, ILLINOIS 
FaT engin;:ering in/ormation wdt;z 

LEAR. WUERFEL, In<. 
Exclusive Sa les £ng'lneers 
847 West H BT.!son St reet 

Chicago. IIinois 
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of coil for the fixed osciHalor, Ihen 
this oscillator is also designed, L bemg 
1,760, fl-h and the total tuning capaci ly 
being either 1,220 or J ,470 flf'- C, depend­
ing upon which of the two extreme 
frequencies of the variable oscillator it 
i 5 des; red to rna tch for zero beat. 

It is good practice to make both 
oscillators as near alike as possible. 
Any changes in A or B voltages or 
other circuit conditions which would 
tend to change the frequency, will affect 
both oscillators alike and tend to main­
tain the bea t note unaltered . 

The frequenci es chosen for the radio 
oscillators should be sufficiently hi g h to 
permit these frequencies to .be readily 
kept out of the audio frequency amph­
firrs. Using the customary plate cir­
cuit by-pass condenser and wilh pos­
sibly a radio-frequency choke in the 
plate lead of the detector tube is usually 
all that is uecessary for filtering. While 
a stage or two of audio frequency 
generally slops all r-L in the output, 
r-f. 0 ften ove rloads the grid on the 
lir:;t slage tube, and is a well known 
cause o( audio-frequency dio:orlion in 
lhe ampl ifier, especially if it is re­
sisLance coupled with conventional grid 
condenser and leak. 

"Pulling Together" Obviated 

Contrary to the above, the radio fre­
quencies should be as low as possi;,1,: 
to pn:vent th (: two oscillators from 
'pulling" logether at low beal f re­
quencies. II i~ commOll knowledge 
that as the frequencies of the two 
oscillators, which are more or less 
coupled to one another, approach the 
same value; one of the oscillators will 
suddenly jump into sYllchronl sm with 
the other, the frequency being no longer 
under exa ct cOllttol of its own tuned 
circuit. T he frequency difference at 
which this jump occurs will depend on 
lhe degree of coupling and on the r ela­
ti ve frequencies- the lower the fre­
quency, the smaller Ihe di !terence in 
h 'equency may be before the shi ft 
occurs. 

A compromise between the two fore­
going conditions is necessary in it prac­
tical design, ;, nd a choice of frequency 

, 
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VARIABLe UJ' Fl.r. I 
OSCILLI'-TOR ! 

I 
I 

sHleLO..... I 
----- --- ---1----:1:--'1 

nXED 
Fl ... 

OSGII.,-"TOR 

¥ttJ 
: :L , v 

D~T. 

Fig. 4. Showing serle .. circuit b .. -
tween o8clilator and detector. 

VARIABLe 
R.r 

OSC'LLATOR 

FixED 
R . F". 

OSGILL"TOR 

VARIABLE 
R.r. 

OSCIL1..~TOR 

FI~I:D 
R.F: 

OSCJI.LATOR 
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c 

R 1 OCT. 

- B- ~.-

Fig. j . MethOds of coupling for Cletector feed. 

\"ill depend on what beat freqllencies 
are desired, and how close zero beat is 
to be approached. For an osci lllltor to 
gene rate {requencies between about 30 
and 10,000 cycles per second, [rc­
quencies for the r-f. oscillators llIay bc 
between 50 and ISO kc. and give satis­
factory performance. 

One way to e liminate "pulling" at 
lhe expense of simplicity, is to elec­
trica lly isolate each oscillator hy sh ield­
ing and by providing a scr<:en-gritl 
radio (requenc)' "buffer" slage bCIIVt't'1l 

each ",;clllator and the de t<-clor. Hvw­
ever, i ( lroub:c is e .,< peri enced ill a 
conventional sl\:e oscillator, the coup­
E ng to the detector can usually be 
sl.i'Jici~;ltly redll<":ed 10 genera Ie ns low 
;1 beal f rC 'luency as is f(cc:ui red (01- tile 
majority of uses, and ,.;till give sufficient 
output. 

Sta ble Fre'1 uency Desirable 

The oscillators should be designcd 
10 generate as stable a frequem;y as 
possible, since a small percentage 
change ;0 the radio frequency of either 
oscillator produces a (!luch large r 
change in the beat frequency. This i, 
another r eason for the use of relatively 
low frequencies. Because of lhe large 
capaciti es required in the tuned circuit 
of low radio-frequency oscillators, tube 
and olher stray capaciti~s become of 
minor importance. A high ralio oi 
capacity to inductance in the tuned cir­
cuit should be employed for the same 
reason. 

Various styles of coupling may be 
used to feed the detector with the 
YlJhages of the two r-f. oscillators. 
The arrangement at Fig. 3-A is the 
COlHmon met.hod. The two detector 
coils are of but a small number 0 f turns 
'" (hat the mutual coupling between 
the two oscillators shall be small. At 
Fig. 3-B , is a unique arrangement that 
was llsed on a W \:stern Electric super­
heterodyne some years ago. The author 
has used this to good advantage on 
beat frequency oscillators, its simplicity 
being its chief merit. Here the r- f. in 
the grid leak permits the discharge of 
the grid condenser on but one half of 
the cycle . 

Where the output must be free from 
barmonics, one should take various pre-

cautions to produce a pure waveform. 
The oscillator tubes should not be ove r­
loaded with high plate volrage, as 
harmoni cs present in the radio fre­
quencies will produce corresponding 
harm onics in the output. 

H armonics may further be reduced 
hy filte r ing the outputs of each r-f. 
oscillator befo re they are fed to the 
detector. A simple series circuit, as 
shown in F ig. 4, inserted between the 
oscilla tor and detector wi ll tend to sup­
press the harmonics anc! allo w only the 
fundamental to pass. The lUlled filter 
111ay also be made a part of the screen­
grid "buffe r" st.age re ferred to. It is, 
o f course, desirable to gang the 
oscillator and fi ller condensers . 

T he ganged circuits should be care­
fully match ed in frequency at all points 
oi the dial. Lack of alignmenl will 
cause erratic va riation of the output 
voltage. Conversely, lack of uni formity 
of the output voltage due to other 
causes can be compensated for by de­
luning the filter circuit sligh tly at the 
proper points on the dial. 

F or ordinary uses to which a beal 
f re<]uency oscillalor may be put, lhe 
claiJoratillll :' listed above would h'lrdly 
be necessary nor economi cal. A ~imple 
arrangemenl as outlined Fig. I , un­
shielded, will m('d 90 per cent of thc 
needs in a factory or service laboratory, 
ilnd certainly is wdl worth the time 
c,;pended on its construction. 

A 

BOOK REVIEW 
LEFAX R AD [0 RECEIVING 

TUDE DATA. Published by LEFAX, 
(Inc.). 9th & Sansom Sts., Philadel­
vhia, 1'a., 32 pages, with durable cover . 
$1.00 compkte, 

\~hat type radio tube to use-how 
much its volume should be- a nd similar 
quick-facts are found in this new 32-

page, loose-leaf, pocket-si ze, booklet on 
ra dio rece iving tubes. 

Lefa:r Radio Receiving T1(be Dala 
presents over eighty graphs, giving 
static and dynamic char<1cteristics of 
all types of vacuum receiving tubes. 
It also has an interesting discussion of 
the new power pentode and variable­
mu tubes, as well as tabulated data on 
seventeen additional special type tubes. 

~ 
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More Accurate Direct Measurement 

~\lCIlOM nos 

31 YEARS MAKING GOOD INSTRUMENTS 

E~ 

of Mutual Conductance * 
An instrument that makes more sensitive 
and more accurate direct measurement of 
vacuum tube mutual conductance has been 
developed by the Jewell laboratories. 

This equipment is adaptable to wide appli­
cation in either laboratory or production 
testing, the indicating instrument being a 
high torque rugged direct current instru~ 
ment of standard design. In coniunction 
with Jewell Instrument Relays, rejection· or 
acceptance of tubes may be done by auto­
matic machinery. 

Previous methods of direct measurement 
of mutual conducta nee usually gave results 
which were of necessity modified by the 
relatively heavy plate circuit load in the 
tube under test. The Jewell Synchronous 
Commutator Method increases the plate 
impedance less than 11'0' giving a true 
reading of this most important tube char­
acteristic under any and all conditions, and 
regardless of the mu of the tube. 

Normal operating potentials are applied to 
the tube under test, assuring the utmost 
accuracy for the measurements. Variable~ 
mu tubes may be tested at a series of con­
trol grid potentials over their entire working 
range. 

An engineering data sheet completely 
.:lescribing the "Synchronous Commutator" 
method and Jewell equipment for applying 
it to your needs, has been prepared. Write 
for it today. 

Visit Booth b at the LR.E. Convention in the Hotel 
Sherman, and Booth 8-74 in the Stevens Ballroom 
at the R.M.A. Show. The complete Jewell line of 
electrical measuring instruments will be on display. 

r----------------- ---
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Jewell Electrical Instrument Co. 
1042-P Walnut St., Chicago, III. 

Please send me engineering bulletin 
No. 10. 

Name . . .. 

Address . . . . . . . . . . . . .. . .. . .. . . . . . . 
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IRE 
At 

Convention. 

Chicago 

T 
TIE Sixth Annual Convention of 
the Institute of Radio Engineers 
will be held in Chicago, June 
3-6, inclusive. Although the 

111stitute had been holding monthly 
Illeetings in New York and in several 
sec tion headquarters cities since the 
yectr 19J 2, it was not until 1925' that 
i I was decided to hold a general con­
ve ntion. The first convention was 
he ld in New York, January [3-J 9, 
19i6. Since that time the annual and 
regional conventions held have been 
notable successes . 

The program for the Chicago Con­
vention this year follows : 

Wednesday, June 3 
Registration 

Thursday, June 4 

Rc~istration and inspection of exhibits. 
Opening session. Addresses of wel­

come by Ray II. ~vlan son , president 
o [ the I nSlitute, and Byron B. Min­
nium, chairman of the Chicago sec­
tion and chai rman a f the convent ion 
committee. 

T echnical Session. "The 'Spokesman' 
for the Radio Engineer," by Captain 
S . C. I-looper, U. S . Navy. 

"Thyratron," by J. C. \/\farner , General 
Electric Company. 

"Music in Colors," by E . B. Patterson, 
RCA RadiOiron. 

"Amplitude, Phase and Frequency 
Modulation," by Hans Roder, General 
Electric Company. 

Officia l luncheon. Address by Colonel 
Ishan Randolph, president of the As­
sociation of Commerce of Chicag'o. 

r nsp l:<..1:ion of e.:xhibits. 
Trip No. L To Grigsby-Grunow Com­

pany and Stewart-Warner Corpora­
tion. 

Technical Session. "The Saxonburg 
Radio Station," by Frank Conrad 
and R. L . Davis, Westinghouse Elec­
tric and Manufacturing Company. 

" Field Strength Measurements and 
Broadcast Coverage," by C. M . 
Jansky, Jr., Jansky and Bailey. 

" Developments in Common Frequency 
Broadcasting," by G. D. Gillett, Bell 
Telephone Laboratories. 

";.Jew Method of Frequency Control 
Employing a Long Line," by C. 'v\'. 
Hansell, J. L. f inch and Mr. Conklin, 
RCA Communications. 

" Some Observations of the Behavior of 
Earlh Currents and Their Correla­
tion with Magnetic Disturbances and 
Radio Transmi ss ion ," by I sabel S. 
Benis, A merican Telephone and Tele­
graph Company. 

Trip NO.2. Shopping trip for ladies. 
Inspection of ex hibits. 
Trip NO.3. Ladies' tea and fashion 

promenade. 
Trip NO.4-American Telephone and 

Telegraph Company and l11inois Bell 
Tdephone Company. 

Trip No. S. ;.Jational Broadcasting 
Company studios. 

Lecture on "Modern Conception of the 
Electron," by Professor A. H . Compo 
ton of the University of Chicago. 

Theatre party for ladies. 
Inspection of Ryerson Laboratory of 

the University of Chicago. 

A A A 
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Annual meeting of Ihe Committee on 
Sections at the University of 
Ch icago. 

Frid<lY, June 5 

In spection of exhIbits. 
Technical Session. "T echnique of 

Loudspeaker Sound Measurements," 
by Stuart 15allaotine, Boonton Re­
search Corporation. 

"Acoustic P roblems of Sound Picture 
Engineering," by W. A. MacNair, 
Bell Telephone Laboratories. 

"Rochelle Salt Crystals as Electrical 
Reproducers and Microphon ~s," by 
C. B. Sawyer, Brush Laboratories. 

"High Audio Output from Relatively 
Small Tubes," by L. E. Barton, RCA 
Radiotron. . 

Trip No.6. Ladies' sight-seeing tour. 
Inspection of exhibits. 
Trip NO.7. Hawthorne V/orks of the 

Western Electric Company. 
Trip No.8. Luncheon and bridge for 

ladies. 
Inspection of exhibits. 
Banquet, enl ertainment and dancing. 

Saturday, Juno 6 

Trip NO. 9. Ladies' trip to Art In­
stItute, Field Museum, or Aquarium. 

Technical Session. "Constant Fre-
quency Oscilla tors," by F. B. Llewel­
lyn, Bell Telephone Laboralories . 

"Electron Tuues as High Frequency 
Alternators ," by E. D . McArthur and 
F . E. Spitz.er, Ge1J(~ ra l Electric Com­
pany. 

" Deyelopment of Direct ive Transmit­
ting Antennas (or Short Wave 
Transmiss ion," by P. S Carter, 
C. W. Hansell and N . Linuenblad, 
RCA Communications. 

"Development of Short Wave Directive 
Antennas," by E . Bruce and H . T . 
Friis, Bell Telephone J .abor atories. 

Inspection of exhibits. 
Trip No. 10. R iverbank Laboratories 

( ladies invited). 

An Irish correspondent of 2XAF, who is interested in the sponsored 
progr<lmf of the United States reported that he tuned out an "Unde 
Abe and David" program in disgust recently because, as he thought, 
it was sponsored by a tombstone company. A severe attack of influ­
enza had left him too weak to appreciate selling arguments for tomb­
stones. Uncle Abe and David fans will recall David's sfrenuous cam­
paign to sail six tombstones at reduced prices to get one for nothing. 

A 

A Welshman of perfect candor writing W2XAF opened his letter with the arresting 
datemont; "I'm not really keen on you Ya nkees <IS a nation but must admit your wire­
less programs are the goods." After axpre ssing a decided preference for the cammer" 
cially sponsored program over the offerings of the British Broadcasting Corporation he 
added "And the irony of it is that I must pay ten shillings to my government to hear 
Yankee programs." Owners of radio recei vers in England must pay an annual tax of' 
ten shillin9s. 

L': 
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• 

Open circuits are avoided when you 
use ERIE RESISTORS because of the 
"one piece" construction which 
totally eliminates the possibility of 
va riation in resistance values-in all 
temperatures. 

Since neither heat nor cold affects 
ERIE RESISTORS they consistently 
do their part in delivering perfect 
performance to users of your prod­
ucts. ERIE RESISTORS are favor­
ably known dmong rddio engineers 
because of their justly earned repu­
tation for passing every test. 

We will gladly send you samples, 
price's and any desired information. 

(ric Rcsistl>r Corporation. Eric. Pa 
In tht: Cerrler 0/ fhe RcdiQ IndusfYlI 
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Here IS an 
achievement! 
The perfection by our engineers 
of our new ?\Io. 20 Series Wire­
vVound Volume Controls to a 
degree that practically eliminates 
all noise in operation, is a dis­
tinct Frost-Radio aC~lievement. 
~\1any months of research and 
ceaseless endeavor are back of 
this new type ncise!rss unit. Its 
con struction embod ies a new 
principle of design, the use of the 
finest materials a vailabte, and an 
extremely high standard of ac­
curacy in manufacture, which 
had the courage to reject previous 
p.recision attainments and recog­
fuze that accuracy within limits 
of ter~ths of thousandths of an 
inch was not only possible, but 
well worthy of accomplishment 

... Unquestionably the 
year'" highest achievement 

in the volume control 
fieJd! 

CHICAGO TELEPHONE 
SUPPLY CO. 

(-[ERnERl H . FROST, ],u, Sol" DilliJiul) 
C£~t.RAL onqcr:s Alo:O PLA~'r 

ELKHART. INDIANA 

FROST-RADIO 
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SELF-TAPPING SCREWS 
A booklet with the above ti tle ha. been 

issued b y the Parker-Kalon Corpor~tion, 
100 VMick Street, New York. 

But lillie inforll1a tion of Ihe l<ind found 
in this booklet has been available'. Although 
it icatures the security of lll etallic fasten­
iJJ~" 1:1ade with Parker-Ka lon haruened self­
taflping scr.ws, it al so contains considerable 
unb iased Inform~tion on the hold ing power 
of oth er fasten ing devices; and should be 
helpful and interest ing to any design or 
productIon ma ll who is conc erned with 
metal assembly. 

T he hooklet will be s~nt free of cost 10 
a ny desi~11 Or production IIlan who requests 
i t and gives the name of his con,'pa n y and 
his til Ie . 

• 
S. M. KINTNER ELECTED WESTING­

HOUSE VICE·PRESIDENT 
S. M. Kintner . who has bcen assi s ta nl 

vice-preside nt o( Ihe W estingh ollse Electric 
a nd Manllfactll ring COlllpan y, w~s elccted 
"i ce-preside nl ill charge of engi nee ring [Of 

t hRt compa ny a t a r ecen t meeting of the 
bO<lrd of directors . He succeeds W. S. 
RugS, who has been el ec ted vice-pres ident 
in c harge of sales. 

In 1894 Dr. Ki ntner was gr aduated frOlll 
Purdue University, where he st ud ied elec t ri ­
cal cngineer ing. A [Ier spending ~ yea r 011 
t ele phone construction and ope ra tion , he ac­
cepted the posilion as assisla nt to Professo r 
Fessenden at the Western Universit), of 
Pen nsylvan ia , ( now the University of Pitts­
burgh) which he held for two a nd a haH 
years. He th en was ma d e ass ista nt profes­
sor o f ma thematics and bter profesSOl" of 
e'ngineering, succeeding Professor F es­
sende n. While at the W estern Uni versity of 
Pennsylva nia , be worl<ed with Fessenden on 
many investigations on H ertz w;a ves, X - ra ys, 
and other phenolllella coming into promin­
ence at t h" . ti ll1e. He re llla ined pro fessor 
of eng ineer ing fOT three yea rs , a nd re­
signed in the SU In mer of '903 to 'ccept 
a posi t ion in 'he rcsea rch depa rt lJI em 01 

S. M . KINTNER 
Vice. President Westinghouse Electric; 

& Mfg . Company 

the Westingbouse Electric and Manuf"c\ur­
ing Company. 

After four years of study in connection 
with high Icnsion phenomena, a-c. elec­
trolysis. telephone interfcre ncc, and 1I1010r 
flash i nS' troubles, he W3S made d ~sign ell­
g'ill~cr in dl~rge of a-c. railway IlIOlor 
deSign. 

In 1911 he resign ed from the Westln!!­
house Company to accept the po,ilion of 
genera l manager of the National Slgnall;n~ 
Company, and became engaged in deVElop· 
ing the radio inventions of F .,ssenden. 
Lal er he became vice-president and fin .llly 
president of that organization . Our;,,!! Ihe 
war tbe company with wh ich Dr. Kinlner 
was assoc iated made a large amoullt 0 1 
radio appara tus for the Navy and Si~II~1 
Cor'ps. 

Following the W:IT. hc ne.golinted :, sail-
10 the Westinghonse COJllpa ny of the patent 
ri g-ht s of his COlli pa II)' . Ait'er spcndin ):! ap· 
prox imal!!ly two year, with the Wesl inshollsc 
Company II! r adio de\'elopmcnt, he w~s ap­
pointed IlHlllage r o f the rc>cnreh d epa rt­
mc nt, 0 11 April ,6. 1930. he was t:l cclcd 
assi s t"" t vi ce ·pres ident ill cha rge 0 f I h~ 
l·ul.!inccrill!l activi li<l~ of I' ht~ company. 

• 
UNITED SCIENTIFIC LABS. IN 

LARGER QUARTERS 
The United Scicnlilic T.:lboral(\ri~.<, 

manufacturers of Type SG shielded ce,,, · 
dcnsers, Type BT arm.ored condensers '1lI11 
Type CC cO lllpCu~3tl ng condensers "n' 
nounce the removal of their plont to 5'0' I~ 
Sixth A\'enue. Ncw Yorl, Cit)'. The 
"U nited Scientific Laboratl)rics will occupy 
30,000 sqll3re fecl of s pace a t thcir new 
address. • 
LACQUER MATERIALS USED BY 

RADIO MANUFACTURERS 
Th e proper se lection of noi s hing materials 

for radio parts is i lllportant a nd is HO W 
g iven more alten lion t han ever before. 
Lower costs of manufaClure play a large 
pMI in mee ting t he competition of todar . 
With th ese tW O factors in ",ind. the i\<l~as 
& W"ldslcin Company, 438 Rh'e rside Ave· . 
N ewark. N. J.. have dc\'eloped over ~ {feriod 
of yea u ~ num he r of lacquers and cements 
specially designed for r;lelio m~nufacture rs. 

In instances where the base is <; ;ldmiun, 
plated, stnins Rnd Iil1gcl' murks are COIII­
utonly found unlcss protected with lacqu~r. 
They may be spraycd o r dipped. The 
fonner has I'he advanlngc of confining the 
'I'rsJ coat of cadmium lacquer 10 [he pariS 
Ilce<iing prot'ect-ioll but leaving any contact 
surfaces buc. Dipping into \\'~t"r dip lac· 
quer finds favor on account of its low cost 
of handling as paris nl ay be Jipped directly 
from the plating balhs, w hile wet , into the 
lacquer and then air d ried in a fe w m inutes 
rc:.dy to be h:tndlcd in the :tsselllhly linc. 
Soldering may he donc Ihrong'h the water 
dip lacquer coatinS" without dillic ulty. 
Wherc an op'Hllle d ecol'alive finis h is de­
sired, mahogany prism lac gives a cryst al 
Sirueture finish which obli tcr:ltes drawin g 
marks, spot welds or other melal defects in 
one s pray coat . 

The smaller me tal st atll flin gs are com-
1Il0nly finished in the same ma nner as Ihe 
c ha ssis base. Tn sOllie instances a clea r 
lacquer or a bronle lacqun containing 
bronze flowder is used. 

U se of the proper lacque r and cement 
malerials On the vil al pa~t $ of Ihe speaker 
are 0 f imporl ance. If the cone pa-pcr is to 
be lac.quered to prevf'n1 vaf1a~;ons in tone, 
a minimum of weigl:! coupleJ with maxi-

RADIO ENGINEERING 

m um wa terp roofing !Jualiti~s and proper 
stiffness IIIU51 be impa rted 10 the paper. 

Waterproof pa per l"cquer is best applied 
by sprayi n g. 

The papcr, IC<lthc r or cardboard joinls 
are firmly held toge lh er by means of a 'lltick 
sCHing cement. This is :tccomplisbed Cit her 
31 room temperaturc by means of cold clamps 
or ill hOI presses to obt~in a fnsler oper<l­
lion. T11 <: ccmenteJ ioint llIust not be 
nffec ted hy high hUllddlt y Or r esu lt io de· 
teriorntioll (rOlli nny other cau~c . i'v!;Jny 
eClllentjng operations nOw <.lone by hand 
ma)" be acco illplished by cOUlflaralivcly sim' 
pic macbines at co nsiderable "<'wi ng in cost . 

Cemcnt ing of mctil l or bllkelirc pa rts is 
often found diffic ult bu t may be dOlle 
through sc l~tiol1 uf a cement <.lesigned ior 
the [lurpose. 

The ,··oice coi l wires r equire a ce luent 
Ih~ 1 will add as little weight as possible 
and yet bind the wil"es perm a nently log- el he r 
a lld to the core So as to le""e a clean 3 P­
pea ranCe . 

The metal Sflea],c r frame , if cadm ium 
1>1:ltccl. may be fini shed ill wale.· d ip lacquer 
Or <!Ise ill ~n opaque d ipping lacquer enamel. 

Like Ihe \"olce coils, r-f. coil ~ IIiU s t ha ve 
[.rotcction against corros ion :lud 1110is-turc. 
" " insl,l a tiog lacq uer, eillier cle;l r 0.· black, 
of high dielectric strcnglh is applied bv 
clippi ng . . 

For wood cabincls, aft<:r sta ining anJ 
filli ni( Ihe wood, a clear sanding SC;llcr 
followed by a coal' of fklt wood lacqucr 
i s gene ra lly used. BOI h ma teria ls requ ire 
h i~h solids so as to obl'"ill the desired 
(lefl l.1t of finish and cove r ing. together with 
,.roper d a ril ), of lilm and durability. 

• 
KAHLE SELLS LAMPS AND TUBE 

MACHINERY 
The Kahle Engineering C011lp:tny all-

n . 'II!!""S tuat il has opened oil\~c, and " 
w;}reh(>usc at 518-J91h 51 ., Union Cit)". 
N . .I ., to do busmess in m3chin~ry cquip' 
mc nt , a nd raW matc ria ls used in the manu­
fac ture of rad io lu bes, incand esccnt lamps, 
11 ('0 11 lamps, and otber ,"[(ClHlIll procltlcts . 

I.. C. Knh Ie. t he head of t he concern. is a 
pi o neer cnpinccr in th e industry. Mr. Kahle 
h (\~ occupied importan t engineering posi­
,ion s with the Westinghouse L~mp Com­
pan)', Ind"pendcl1t Lamp (Ina Wi .. , Com­
pa ny. the Crystolite Mfg. COII\1>1In)". David 
(;rimes, Inc.. Pilot Rndio Company. and 
others. 

He has designed and built mnny of the 
mae hilles which arc: in uSc today for the 
ntnnufacture of lamps <lncl tubes. 

Associated wjlh Mr. Kahlc is Jac . Hohen­
stein, formerly president of lhe lvlaJ;natron 
Corporatiotl. lind Inler dir~ctor of the Na­
tional Union R3dio CorflOration, which 
:1cquired the former concern. 

Mr. H ohenstein was formerly a lamp 
manufacturer, a nd is a pioneer in the radio 
tube indust ry. 

The Kah le E ngineering Company is en­
gaged in the business of h"ying and selling 
m.1ch inery, j igs, Iools. fj;~.;, and oth" ~e­
cessorics of lam p a nd lu~e manufacture, as 
w~U as raw malcri~J 5 . .. 

REPLACEMENT RESISTORS AND 
VOLUME CONTROLS 

EJect rad, Inc .• '7.5 V<\rick StreN. New 
Yori<, has issued a new reference ca rd co,·­
erin... the E lcctrad line of rCl'l::Icell" ,nt 
volume controls and resistors . The re, i., tor 
r~'l uircmcnts of .143 diffe rent r"tlio r" ~civcrs 
an: shown . Copies of this valuable (oluer 
rna)' be I'r()cured upoo request. -
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T'lne , C'/J f've lb o ws 
SJen"dt' s s~ le(J i fJit r , 
Ollfe r CUYlJ/! Ihllt oj ordi­
Tuny r~n:;Vl! r. Lm,J BS 
dTt' 5 k.. Co ,NIIaNI/Y(JHl 

L"" A. All b"dgrn,,,,d 
HOlle, inclllfJttl in Ibt 
J,ght POrl;oJ1 bdween A 
4nd BB is dimin~t~fl by 

___ --'1....=..;....;"-'-'----'-'"'-'-.:..:..:"'-.-....:..-' _____ fh_ Sf.node. 

STENODE 
TUBES 

Until the American Tube Manufacturers licensed 
by the Stenode Corporation of America ore in 
sufficient production, we con supply the rapidly 
growing demand of laboratories and serious 

investigators for: 

QUARTZ CRYSTALS 
SUitably Mounted in Tube Form 
To Fit Standard Tube Sockets 

These crystals are all approved by our own labora­
tory after actual tesfs in a standard Stenode de­
veloped under the patents of Dr. James A. Robinson, 
M.B.E., D.Sc, Ph.D., M.I.E.E., F. Inst. P., and 
former Chief of Wireless Research, British Royal 
A i; Force, by the engineers of the Stenode Cor­
poration of America. 

All crystals are ground to respond to a frequency 

of 175 ki locydes, which is the frequency accepted 
as standard in all modern superheterodynes, and orEil 
mounted in vacuum tube form. 

STENODE 
TUBES (

Standard U X) 
Socket Base 

PHlcr 

S15.00 
"/I it Isn't a STENODE it isn't a modllrn receiver." 

Stenode Corp. of A.merico: 
(Form./ly Ameriean Radlo.tat (.0",.) 

Hempstead Gardens. Long Island, N. Y. 

SW.JOD( CO?,) Of AM~': ICA 
H C: ;IIp-sleou Gord c-."il , Lone Island. N , Y. 

E~clo , ed ft~d l' p.,,,o"al Che : , .. :J P. O . or (j ~<Dr€<' Monev O,de' 

for w hich p reOiS forWQrd ~\e_ . , . • _ 5let'lod e! Tube.s . 
( s'ote numbel ) 

NAME . . ., .. ... .. ... . . .. .. .. . . . .. .. ... . . .... . . .. .•. • ... _ .. .... . 

STREET ... • .. ....•.•. • .. . • . •.•. . .. _ . .. •.• .• . .. . ... • .. . .•...•• .. •. 

CITY . . ... .STATt . . . .. . . . 

ARCTURUS 
PZ 

PENTODE 

SENSITIVE ••• 
4 tillU!S tile sensitivity 
of a !45 Powc,' TJLbe 
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Because of ils high "power sCDsi£ivity" tbe Arcrurus PZ 
Pentodc is almost 4 times as sensitive as the '45 power 
tube- a felttu(c of decided importance when consider­
ing Outpur, dereccor ove.rloa<.l and place supply orrange­
IDCOts. Greater volume, increased efficiency, and COO1-

pactness of set design are the natural r~sul(s: 

AIlCTURUS 
liSt 

VARIABLE - MU 

DISTORTION IS 
NEGLIGIBLE ••• 

even at 20 tiDies the 
voltage of a ~4 tube 

The input limit for [be ArCturus 55t is 4 to 10 volts as com­
pared (0 a rypicnJ '24 tube which is about 0.2 to 0.4 volts. 
Tbe ,51 cube operates without distortion ae about 20 times 
rhe voltage permissible with the '24 tul>c. 

This and other features of the Arcturus 5S 1 elimioate [he 
nced rot: double pre·selectors, dual volWlle controls,and "local­
long distancc" switches. Maximum cross-talk is divided by 
500; receiver hiss is reduced. Circuits using chis (lew tube 
arc simpli6ed as well as morc efficient. 

Sen d f()f' TKhnit~! Bullt/inJ glovin g CJJJJ]pltt~ pU!I1TmlJ'UI da ll} (Iff 'hI 
11" ' 11'''1 T ypt PZ Pmlod. " . d J/" Arc"",,! ) jl V,mabl, ·Mu r"Ire. 

ARCTURUS RADIO TUBE CO., NEWARK, N. J. 

ARCTURUS 
T h .. Tun E .., I t h the J . I FE - t. t I'- I! TON I( 
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NICKEL TUBING 
l'he sci~ntifie cue used in making Sum­

merill seamless nickel tubing is c<'Irried 
through unlil it reaches the consignee. h 
is packed in n sturdy box card ul), made 
to insure lhe comcn~ against all shocks 
in tranSPOrt. It a&sures perfc:<:t condition 
of the t'ubing when il reaches its destination. 
Samples of tubing may he procured by 
production managers and cllgiu<:crs. 

• 
PIERCE AIRO IN LARGER 

QUARTERS 
With a good year behind thcm and 

optimistic as to the future
f 

David Wald, 
president of Pi crce Ai ro, nc .. announces 
the remov~1 of Ihe Piercc Airo (actory (0 
SIO-SIS Sixth Ave .• New York CitYI 

where 
they will be in II position to doub e their 
former eapnci t)", 

The new Pierce-Ai ro p~ntodc radio 
triu consists of a pentode su'perhelnodyne, 
a penlode £up~' r · tuned radio frequency for 
ahern«tlllg current and a pen lode 5uper­
tuned radio frequency for direct curreOI 

Any of ,lll'.e units can be had In cabinet 
or chassis form, so that the Pierce, Nro 

\linc provides a radio for every purpose. 
Thc features of ' th ~ neW DeWald sets 

arc pent ode tubes, full vision dial, tone 
eonlrol. four scrcen grids, Screen grid de­
tection. phonograpb pick.up jack, hunlless 
filta circuit. higb lntenll c",ate-frequency 
gain. antenna adjustcr. cOlnpaetness and 
new electrodynamic speaker wbich giVt.~ 
smouth. rich and mdlow lone, 

A 

SOCKETS 
The Central Radio (orporalion, 156 

Roosevelt A venue, Beluit , Wis., has issued 
a booklet giving mechanical infurmation 
about CRC sockets . Copies will bc senl 
upon request. 

.4 

METALLIZED RESISTORS 
The International Resistance Corporati()n, 

2006 Cheslnut Street, Pbiladelphia, Pa" 
announce a new book! et describing t b at 
corporation's 19JI line of metallized 
resistors. Copies lI1a.y be had upon request. 

.4 

RADIO EXHIBIT IN WASHINGTON 
Establishment oC a perlll;\nent radio 

equipment e"hihi\ in the nali(1I1'S enpital 
has praci ic~lly b~en assured. II: egol iaC ions 
arc (lOW hei"'1$" ' concluded wilh sc\"(~ral of 
Ihe leading Olanuiaeturcrs o( radio trans­
mission and sound rcproduein~ eQuipment, 
for large sectionS of spa~e in the exhibition 
hall, lOC<ltcd in the Nation.,1 Pccss Building, 
according to Carl H, Bllhnan. forlller secre­
tary of thc Federal Radio COlnmission and 
DOW chair",~n of tbe noard of Managers of 
the N ationa \ Radio r:.quipmcnt Exhibitors. 

"The great interest being shown by 
manufacturer" in this project definitely 
rna rh the recognll ion 0 f Washington as the 
country's leading marl:et plate for tbeir 
products. These makers of radio and sound 
equipment rccogniu that Washington is the 
focal point of contact of user.; of the ether 
channels. In selecting the National Press 
Building as a localloD for a permanent ex­
h ibit, advn ntage has been taken 0 f the fact 
that il houses the Federal Radio (on:Ol1is­
sion and many other prominent radio or· 
ganizations. As a result of the frer(uency 
with which radio users visit this budding. 
it has become the national radio bead· 
quarters ," 

The exhibit providn a desirable galhcr­
ing aDd rn~eting phc" , It will be decorated 
in a moderrristic Irer,,1 and provision is 
made for ample loun~ng sp:o~e. writing 
desks. information servIce and many other 
facilities desiI(J,,~d to allract to it tbose who 
are interested in radio . 

CABLE EXECUTIVE OFFICES MOVE 
In order to aliow increased facilities for 

proibction at their plant located at 84-90 
N, 9tb 51 Tee!,. nrooklyn, N. Y., the Cable 
Radio Tube Lompany, have removed their 
executive offices to 230-24Z N. Ma i n St., 
BrooklYD. N . Y. 

A 

PARTS FOR TUBES 
So man), new tubes are being brought 

out Ihat Goat Radio TUbe Pans, Inc" 
Brooldyn, N. y,. are constantly extendjng 
Ih" variety of parts furnIshed 10 tube manu­
facturers. Just now there have been Com­
pleted all the facilities for the quantity 
manufaet lire of additional ikllls (or the ZJJ 
and .:1:38 wbcs recently announced and 
whicb are, as out rcaders know. 'past the 
experimemal stage in a Dumber of tube 
plants , 

Edward F. Staver, secrct<1ry of the com­
pany. says the rapid tube development of 
tbe past few weeks has ()vcn~xed the engi­
De~nng departments of llI.lny tnbc manufac­
turers and that his company is sl1cce~ding 
in easin!! the stra,n by' supplying a con­
tin\l~l1y Incrca..jng range of parts, forllled 
with the utmost a~euracy. ready for rhe 
assemblers. 

A 

MORE USES FOR METERS 
T() those interesled in multiplying- the lise­

fulness oi th~ir electric mcr~rs, ;, cimrt. pre, 
p:lre<! by Ihe' CIII, .. ineerin~ ~t"fi of [nlcrn,,-
1; .. ",,1 Re.~is::tnc<: (o\lll':ony, is o( pr~c\i, ·; 01 
v311l(,. Tilis ebart 'l\uiC:llcs how one II;"), 

chaJl~c a V01\I\\ClCr ililn .'l Inldti ... ra.ngc volt· 
meter; 'I milli ; lIJ\m~l('r imo " doc . voltJl\ct~r; 
3 milli3111mCIer imo a iligh range rcaeli,,!: 
millianlmeter. 

Sil\ce accuracy is the sole gauge 0 f the 
worth of any electrical measuriog apparatus. 
it is necessary to employ precision wi c e ­
wound resistors of the proper re5:~tance 
values. Precision wire-wound resistors are 
now obtai nable 'IS regob r equipment, with 
an accuracy of better 11."n I per cent., or 
greater precision tllan Ihc average small 
measuring instrument whicb is rated to 
within 2 per cenl. accuracy . 

A 

CUSHION FEET FOR CABINET AND 
FURNITURE 

The Standard Cushion Company. Bridge­
port. Conll .. is marketing a novel cushion 
corner sup'port which has an adjustable 
ie."l:ure, These new shock absorbing fect 
have obvious \lse~ in the radio industry. 

A 

SIGNAL CORPS UTILIZES NEW 
CARDWELL FREQUENCY METERS 

The Allen D. CRrdwell Mfg. Corp .• 8, 
Prospect Street. Brooklyn. N. Y., b as re­
cently been aW3f(lcd ~ large contract to 
supply the Signal Corps of Ihe U. S, Army 
wilh the new type UC-'53 (rcquency meters. 

These mete rs ha ve a range of from 75 to 
J 500 kc. and arc especially desigDed to eon­
form to Ihe high ~tnl1d<.1rds dcmDnd~d by 
Army ellgineers. A spedal bUz7.er, ~milting 
a noie of high pitch, serves as 8 eonve"icnt 
sollree oC damped oscillations. The b""zer 
windings are s hunt ed by a rcsislOr to prevent 
sparking when tbe circuit is bro ken. As a 
result , the buncr !:ivcs a clear. steady 
musie"l lone. S,nall dry cells provide the cur· 
renl' required to actllnte the buzzer and a 
toggle switch in series in lhis circuit, is 
used ( 0 turn the buzzer loon" Or HorL" 

\\,hol1 the eonl~ct is opencd through the 
action oC the IlIlner, the energy due to t he 
ClIrTont in lhe induc la nce coil is transferred 
10 the \'afiable COtide llSer g iving it a charge. 
Tbe condensel' then disc liarges, Selling up a 
tr",in of oscillations in the circuit consisting 
of coil. condenser (and thermo-galvRno­
meter) . Natural!)' , the frequency of these 
oscilj;lIion~ depends upon tile constants of 
Ihe circuil. A three-way switch permits one, 
IWO or three coils to bc I1RCd, as desired. 

The condenser dial is divided into three 
'"1:1;011$ eorrespOlld iag (0 the three diUerent 
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inductances avail::ble. This makes it easy 
to ta ke close r ~ adings. A Weston thermo­
galvanometer is employed in thi~ iDstrument. 
This has an accuracy wi tbin tWO scale divi­
sions. Through the use 01 the three·way 
swite!I, the smgle var.iablc condenser can 
be used to cover the entire rang~ from 75 
to 1500 kc, By removing a melal j um'per 
between twO binding posts on the pane.!. 
ex\efllaJ coils of varriDg values may be 
connected in lhe cirCUit in ordcr. to extend 
the range of Ibe iDstrumem Slltl turther . 

The (arowdl freQuency melH is accu­
ra tely calibrated and because of the high 
quail ty 0 [ its components, it can al ways be 
depe nded upon to give correct Teadin~. All 
the worl;lng lIarts aTe contained wltbin a 
compact, \?ortable hardwood carrying caSe. 
Th" cirCUIt diagram is pasted witbin the 
cover and switche5. meter, dial, condenser 
control. etc., are conveniently available on 
Ihe bakelite panel. Several U, S. Letters 
patents have been granted on tbe Cardwell 
frequency meter. Thi. instrument is avail­
able, not only to tbe signal co !,!>s , but also 
to radio engmeers and experim,.- ntcrs "nd 
for general laboratory uSe. 

~ 

TELEVISION UNIT 
The Shortwave & Television Corporation 

nr Boston. ~ass.. n.anufacturer. of the 
Baird shortwave receIver an,1 television 
unit. have CSlahlished a metropolitan aDd 
N ew J ersey sal.~ office at IS Laight Street, 
:-;ew York, In ch"r~e o( Artbur Rocke and 
J. 1:. N csteel. • 

INSULATJON MATERIAL FOR 
CONDENSERS AND COILS 

Radio set manufacturers and ot ~rrs will he 
interesled in a ~peeially developed insula· 
tlon known a S X I 13 and X2 B I urnished in 
sbee ts. rods. tubes and various fabrications 
!loth l!Tade~ have heen dC\'cloped particu­
larly for Ihe e","eting insulalin~ require­
meuts and physical ~har~ctcrishC5 neces­
sarv for usc in radio set~ nnd -radio lIarts. 

Many lead ing maIlu facturers Ita vc apprOl-ed 
~nd are at presellt 1lI".)<illg us~ of onc or 
both of these I;:"rad~s. C-1rdul tests show 
tliat rhesc grades incTease the selectivity 
of radio sets as much ~s ::0 per cent ",hen 
used as inSlJl~t'iou 011 variable conden&us. 
and similar improvement is noted by ad,wt­
jn~ lhese ~pccinl grades of insulation at 
oth~r vilal points. For samples alld com­
pklu in(orll;"tiol1 wrlle thc manuiacturcr, 
American I'lard Rubber Compan)", I I Mer­
cer St., New York Ciry . 

A 

JENSEN PERMANENT MAGNET 
SPEAKER. 

A permanent ma ,::net speaker known as 
JenseD model PM-I. and the first of a new 
line 0 r dynumic speakers designated as 
model J., were shown and demonstrated 
at tbe RMA Sbow. Ch,cago. They are 
made by Ihe Jensen Radio Mfg. Co., Chi. 
cago. Copies of bulletin will be sent upon 
request. 

A 

RESISTORS FOR TELEVISION 
The ~ngjncers of t'he lntcmlltional Re­

sistance Company. Pbiladclplli:l. Penna .. 
have been preparing from t·hc standpoinl of 
rcsistors for forthcoming television. 

Special types of resis tor. arc required, 
aud the demands made UpOIl resisiors ~TC 
in some cases morc sev~re I han in the 
conventio nal radio rc:<:eivers because of tbe 
wide-spread use of resistance coupling in 
Ibe amplifier portion of the television short 
wave recelve.- . 

The Intcmational Resistancc Company's 
enginceriog depanment is keeping a s 
closely abrcll st of this inlercstirt?' subjcct 
as is possible, and is cooperatIng wilh 
manufacturers who havc special problems 
in this coollcc(ion. They will he bappv to 
ass ist ill any way Ihat thc)' C:l1I In prob­
lems wherein resistors arc iDvolved. 
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NEW TUBES 

NEW CIRCUITS 

NEW VOLUME CoNTROLS 

Clarostat is ready with 
a special model wire 
wound control to ex­
actly suit the new 
specifications. 
Isolated rotor-all ex­
posed metal parts out 
of electrical circuit. 
Quiet, gradual control. 
Long life windings. 
Dust cover. Special 
aUoy contact to pre­
vent Thermal E.M.F. 

Specify Cfat'osfat! Thaes all. For the 
name stands for the most advanced de­
sign and refined construction in control 
devices. It stands for the products of an 
organization long experienced in supply­
ing the most rigid demands of the elec­
tronic industry. And it stands for con­
trols of any resistance range, regulation 
curve, combination or arrangement to 
meet your exact specifications. Specify 
Clm'oslat-and you solve your control 
problems! 

A complete line of controls:-
Wire Wotmd- Straight or tapered resistance 
change. Large or small bakelite housings. With 
or without dust cover. Bushing and shaft in­
sulated or "grounded." Line switch attached if 
desired. 

Graphite Elenl2nt-Straight or tapered resistance 
change. Completely enclosed in bakelite shell. 
Frictionless positive drive contact roller. With or 
without switch . 

C o1npression Rheostats-for the control of the 
hea vier currents in electronic tube and associated 
circuits. Any resistance range from 10 ohms up to 
10 megohms. Several sizes-7, 20, 80 and 250 
watts. 

CLAROSTAT MFG. CO., INC. 
285 N. 6th St., Brooklyn, N. Y. 

RELAYS 
SENSITIVE 
HIGH SPEED 

Page 65 

SENSITIVE RELAYS-for currents of 100 
Micro·amperes and up-for changes of cur­
rent at 50 micro·amperes and up. 

HIGH SPEED RELA YS-Speeds to 25 
makes and breaks per second at 25 milli­
amperes operating current. 

POLAR RELAYS- -High speed and Sensi­
tive-Single winding or differential wind· 
ing-Fine adjustments for Biasing. 

Send Vs You.r Requirements 

RECORDERS 
DRAW-OFF MOTORS 
TAPE REELS 

Complete Equipment for Recording Radio 
and Cable Signals always in stock 

Siphon Recorders--sensitive to ono millw.mpere. 

Send for Description 

COMPLETE 
MANUFACTURING 
SERVICE 

Engineering-Development Models­
Experimental 

SmaU Lot and Quantity Production 

J. H. BUNNELL & CO. 
(Eltu.bllohed 18'8) 

215 Fulton S1., New York City 
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l't~'~1~11E'V UEV E LOP MEN 
.~:lL!~Of . TNt MONT 

A FLAT TYPE MOLDED RESISTANCE 
UNIT 

t\s a result of extensive developUlcnt worl< 
expentlcd oy~r II llllll,ber of years, there is 
now availah!l! a nl'W type ot resistance unil. 
These units. h ~\"ill:.r been de\'elop~'d ns II rc­
SUll ()f an c"dcavor 10 jmprove boll. design 
and char3cI"rblic;s arc decidedly new and 
practie:\!. 

The main idea behind I'heir development 
was to produce a uuit which could I", lIlolded 
from a satisfuctory !nalerial wilh the con­
necting lugs molded into the malerial :md 
the resistance l"aluc predetermioed 50 that 
110 "heration or Ifc"llIIent would be ncce~­
S:.Iry once I.hey wcre molded. Afler eXlen­
sh'c' cxperilOcntinll a satis f<tctoi')' onatcri~1 
was produced, which molded well !lnd had 
chal":lcterislic advantages for its usc a~ !l 
res isl.lllCC 1\l<:ui\llll . This nlaterial is conl­
poscd of carlJon with a binder oi :1 complex 
",ixture of clcnlcnls. which when 1l101<1ed is 
tough ;\Ild nOI easily sulJj ect 10 changes in 
r csist3nc" \'alne , I n order to incrcasc the 
hcal diss ipntioll o f the IInil :.Iud thereby 
enable the reduclion in physical si7.c, a Il a l 
desigll was adopted in Illacc of Ihe usual 
roun<l slyle, 

The cOll'pl eted un its are Rat in shaf.e, and 
provide<l with various types of lugs for 

mounling Or soldcrin~ . T he maleria l it~clf 
i~ non-h ygroscopic al1d is nnt subject to 
fa ilure e xce pt from very high tCIIII)ernturcs, 
High voltage d ischnrf(cs "nd oycrlonds do 
not permanentl)' " ffcC'1 it s resi s tance v:llue 
and il will always relurn 10 wilhin 2 per 
cent o f ils origin,,1 valuc . 

A d istinctive characterist ic or these units 
is Ihal they arc ahsohllely noiseless in opcr:l · 
I ion whcn used wilhin I hcir normnl rating, 
This <!'xtreonely impo rt ant charnclerislic is 
due hOlh 10 lhe rcsis lnnce malerial itself a nd 
to Ihe method of "moldin\( in" the h'R5. 
They are manufactured by the S, S, Whit<!' 
Dcnl~1 Mfg. Co ,! Philadelphia, Pa, 

A 
TRANSMIITER CONDENSERS 

The D"Lilicr Condcnser Corporation. 
4 .177 Bro"" I3\ vd ., New York, is m~rkcting 
eAidenl Illica C<ll1aCIlSCr IIUiIS . 

Stacked so ' as to provide I he necessary 
voltage ratin g' in the 11~lldlin.R of Ihe hig h 
\'oltngcs cncollllte red in transmitti ng work 
alld carrier current a p'plica tions, the Dnbi­
liC!r types 850- 1-"-3 mi c:o transmitting COI\' 
den se r uu its a rc provi ng highl y pr;telica!. 
These eoadellse.. unit~ nw.kc use o f :J I\ 
iso l:IOlile tuhe lilted with cast meln l top 
and bOll om ~s the hO\lsinf; for the capaci­
tor. T he lOP and LotlOI1l members are the 
lerminals, so th:Jl when (he ,lIIits ;"Ire 
slact,ed. the)' arc au lo l1latica lly conn ccled 
ill series. The OUls mndin!' fea lure of (hc 
unit s, according 10 Ille Dubilie .. Condenser 
Corpor<ltion. New York City, is Ihe handy 
clcsig'll . No space is wasted in Ihe instal-

lation of Ihese ullilS, Also. m~xi11lum in­
sulation is provided L~llYeell lc-rlllim,ls, 
since the emire lenGlh of t.he ins"l,,! o,' body 
s~par"tes tbe tWO tero"i 'n"ls of Ih,· capaci­
lor, These uni ls arc wieldy employed for 
rndio tclegraph lind telephone IraJlsOIinc "s 
and for carrier current applicalions. Sjn~lc 
IInils a rc :n-ai lahle in ~ · c. \'o\tnge fatin .1: up 
10 5 0,000, ~nd in a wide r~ngc of cap;lcili<:s, 

A 

MEGOHM DECADE RESISTANCE 
BOX 

The Shallcross ?vIfg. Company, Colling­
dale. P Ctlna" is "'aking the 900 ser ies 
tleca<ie resis tance box herew;lh illu st ra ted. 

The wide r ange of high rcsistol1ces 
''''aibhle in I.hese res;sl.1I1ce boxes now 
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pro\' ides comparison slandards fo r high rc­
sislnn ce mC;'SlIremCIlU. insulalio ll Jnca~\1 I" C-
1ll ~ IllS and o ther uses in many fie lds of 
resea rch a nd ~ng in cering such a;' : physic-'ll. 
elc)cI";c:", ,"dio. geo-physica l, dectron tube. 
physical che mistr)" x -ray, souod recording 
and indus l rial lalJor:.o.lorics, .. 
. RADIO SERVICEMEN'S OUTPUT . 

METER 
An ontp"! me Ier for use IJ)' radio ser· 

vicemen has been announced ily th e Jewell 
'CICCI r ic .11 Instrument Company o f J 642' U 
\Y,II nlll St reet. Chicago, TIL R~dio men 
l, ;.eve found tha I the human ear cannOI lie 

depended L11)OIl whc.n IIw k ing aecu l'a te ad ­
justlllcnts of radio frC(llI cnc), sta~e3. This 
inslrument allows Ihe se rviceman to see 
when the point o f besl ndj\lst nlen l is 
rcached. 'furee measuring r:m gcs arc pro­
vided to :ldapt it to Ihe output cirellil o f 
"II)' receiver. Furnished with leads, lcst 
d ips Gnd socket adapler. 

HAMMARLUND CONDENSERS 
The picture ~'cT( shown i:: lIs trates Ihe 

lalJora lory care cx~rc Ised by the Halll ma r­
I'lnd Mfg. Company in lIIatchi "!$" condcns-

ers . T he dev ice permils o f rapid and a~­
cur~te adju slinents to I I1St,re €X\lC'J 1;3-

I}ac j rje~ In the manufactured units. 

... 
NEW "CONOID" R-F. COILS 

A superior q\f~lilY :Jt a low cOSt is the 
combill~ti o n liout lhe Premier Electric Com­
pany c"t illl ior their new "Cono id" type 
rad io- ir(>(lllcnc), co ils (patents pending) and 
which, dnc II) l\t(ir sma ll 5i1-c are mecling 
with favor arnol1!l Ill anufactllrers of midget 
setS lind ~ll\lo -r"dios. 

Ellgi llcers r eodi ly aflprecia te th e design 

and conslruction of lltese "Conoid" coils 
from an efficienc), standpoint , as lhe wind­
ings are 5tH-supporting and are nOI "'ou,,,1 
on " core, which praclically elimi"al~S all 
"lJso rptio n losses, and grc:n tly reduc.es high 
f req uenc)' loss , 

This conslructioll also perll,ib of a con­
cenlrated Held from Ihe "Conoid" type of 
winding, llermHling unusually small cans 10 
he IIsed willlo"t loss of efficiency , The caos 
are soft copper 2 in. in dialnc.rer and J 9/16 
in. deep, 

"COlloid" r-f. coils a rc ftlrnished in 
hlatched sets, Dnd onanufaclurerS d~iring 10 
invcstigate the merits of this new coil will 
1.:oe furnisbed a set free of ~lIarge and wilh· 
out ohligation b" wriling Ihe Premier Elec· 
trie Cotllpauy, Grace and Ravenswood A\'· 
enue, Chicago. Illinois, alld mentioning lhis 
Olag'azille. 

.It. 

VOLUME CONTROL WITH 
SHAFT AND BUSHING 

NEW 
"DEAD" 
Of cspecial valli e in Ihe CO lllrol of Ih e 

nell' vnriable-III\! t llhc~. the new Cla rO~ l a l 
wi re-wound volume conl rQ I Wilh "dead" or 
iJ. sltla ted coolaet arlll a nd lI,oun li ng bushin g 
has jllst been 3nnou tlcCd hy I h~ ClMOS I ~1 
Mfg, Co., 1nc .. o f 285 North Six lh SI ., 
Brooklyn , N. Y. 

This impro\' ed lIIodel o i l he Clar<JSI!l I COn· 
Irol makes t hc li se of illsubling 1I1 011111illg 
bus hi ngs ullnecessa ry as nil ('"posed part s 
nrc OUI o( the eleclrical circuil. 

rt is suppli ed wil h :, d USI cover 01' 11 01 as 
d~sired ,.,nd IIlay also be had with II O-YOIt 
swi leh uII:tc hed. 
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E TREND IS TOWARDS • 
• FULL VISION 

YOU 
are j nv ited 
our d' 
108 
Trod the 
Steve in 

Chicago, June 8 -
12, inclusive. 

THE No.39 FUll VISION 

n accordance with the present trend toward full vision control, 
Crowe has designed and built several tuning units that answer 
every modern radio engineering requirement 

The No. 39 with escutcheon No. 8506 is shown above, typifying 
the new design in tuning units. 

New developments in tuning units will be on display at our 
booth (No 108) at the RMA Trade Show at Chicago. New open 

pattern escutcheons will also be shown, as well as many sug­
gestion'S for the design of your own exclusive escutcheons. 

• • ( I(OWE 
NAME PLATE & MANUFACTURING CO. 

1745 GRACE STREET CHICAGO ILLINOIS • 



OUR FACTORY PRECISION 
Is Insured By 

The Summerill Box 
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• 
PROMPT DELIVERIES 

any where-any time 

-any quantity 

The scientific care used In making 
Summerlll Seamless Nickel Tubing 
is ci\rrled through until It reaches 
you. It Is packed In a sturdy box 
c:ilrefully made to insure the con­
tents against all shocks in trans­
port. It assl.!res perfect condition 
of the. tubing When it reaches you. 

• 

SUMMERILL 
SEAMLESS 

NICKEL 
TUBING 

EVERY care is exercised so that 

Summerill tubing is chemically pure- that accu­

racy IS maintained in factory proceduce. 

PACKED in the Summerill box, tubes 

reach customers as fine as they are here. 

LET US send you a sample for your 

engineering <lnd production departments 

The Summerill Tubing Co . 
founded 1899 

Bridgeport, Pennsy Ivania 
Philadelphia Dirlrict 

TUBING by SUMMERILL 
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COIL WINDING MACHINERY 
The Universal Winding Co., Providence, 

R. I., is marketing th~ No. 84 coil windin~ 
macbin~ with fOllr-eoil attacbment for van­
ous coils used on radio receiver manufacture 
-intermediate Iransformer coils. antenna 
loading coils, r-f. chokes, and other coils of 
uDiversal or cross-winding construcnOD. 

The winding accuracy e •• ential to clec-

tric~1 efficiencv in "cross-wound" coils is 
assurcd througb the usc of the No. 8·1 
Universal Coil windiog ll1(1chinc \\'ith it s 
"gainer mcchanism" ior positive cOlltrol of 
wire-turn spacing. Renlizillg (hal Ihe mle 
o( Olllput fea tu red ill a m .. chinc fOf sint:! C­
coil winding is somewh3t restricted , the No. 
84 machine has now bcen made nvail li ble 
for producing four coils oC like specifica­
tions simultaneously. With th is grcatly im­
proved mecban,gm, increase in daily oUlput 
per machine ;s obtainable. 

• 
NEW INVERTIBLE TYPE CONDENSER 

The Elkon Division of P. R. Mallory & 
Co., Inc ., announces the release o{ nne\\! 
inverted lYIl~ 8 mfd. condenser. This new 
Iype bas all the outstanding features of the 
regular Elleon nnn-aqueous hi-volt con­
denserS and differ~ only in that it conforms 
to tbe standard dimensions of the inverted 
round 8 mfd. type. 

Elkon condensel"l have many features 
which appeal to thc set mnnufncturcr. As 
impli ed' by the ler ll ' "non-aqueous", they 

cOlltnin no free water; they call rUC(H any 
d oc. operating voltage requirements up to 450 
v. d-c.; low temperatures arc lIot injuriolls; 
Lhe)' can withstand without injury )leak volt­
age of a ll properly designed sets ; t hey are 
stable in operation to guard agains t elcc­
ITical and mechanical variations Ilia! would 
affect tbe action of the circuit, and they 
have a n extremely 1(IW normal ral ed leak­
age. 

With the addit ion o{ the new inverled 
type 8 mfd. eondenscr~ , Elkon non-aqueous 
hi-volt condensers are now ada'ptable to all 
mounting arrangem ~n ls in use by the set 
manufacturers. 

A 

DECADE RESISTANCE BOXES AND 
ATIENUATORS 

A new complete lin~ of decade resistance 
box.es, attenuators, and voltmeter multipliers 
of unusual features is announced by The 
Daven Company of Newark, New Jersey. 

The decade resistance boxes IIrc manu­
factured in combinations of from ODe to six 
decades in a box. ranging {rom I ohm to 
100 megohms pcr <lccade. All resistance 
ullits, Wilh Ule exception of the I/Ioth 
olun steps are the well known Donindllc:i ve. 
Super-DavohIllS. The boxes are su()plied 
with specj ,d taps to facililnfc their use as 
voltage dividers, coupling resistors for 
photoelectric ~elJ nmplificrs, Voltmeter mul­
tipliers, speCin! bridge circuits, standards. 
etc., thereby' maldng il a welcome essential 
piece of apparatus for nni.. experimcntal 
laboratory. The &tnndard accuracy of 
Davcn decade boxes is 1/10 per cent plus 
.or minus. Lower priced boxes arc avail· 
nble with lin acc-.racy of ~ per cent". and 
J.<.l per cent. plus or minus. 

The new Daven attenuator is a non­
inducti,·e high precisioo instnunent with 'l.D 
accuracy of 2 per cent. plus or minus, huilt 
to thc customers apecifications as L, 1'" or 
H pads in any range of in"lpedance and 
attenuation. All atlenuators arc enclosed 
in a dust prnof contalnor. 

• 
BEAT-NOTE OR HETERODYNE 

AUDIO OSCILLATOR 
The beat-note or heterodyne oscillator No. 

302, manufactured by Wireless Egert Engi­
neering, Jnc., '79 Greenwich St., New York, 
generate. audio fr eq uencies by means ot 
th e heterodyning of two radi o frequencies 
differing by an audio frequency. The audio 
frequency generated ·by this oscillator is 
continuously variable from 40 to J 5,000 
cycles per second. Fnur tuues are used, two 
o{ which are the radio frequency oscillators, 
while the remaining Iwo ar ~ detector and 
amplifier, respectively. All fOllr tubes are 
of the two-voH type. '('he voltage output of 
the insttunlcnt remains praclically constant 
over Ihe entire range A calibrated curve is 
provid"d with Ihc instrument recording Budio 
fre'luencies ag-a inst tbe dial readi ng . The 

in~trumellt is ruggedly cOllstntctcd, eOlploy­
ing the best a pparatus nvnilnhle. A bandlc 
tan be vl'lced on thc cabinet if a scmi­
portnble unit i required. An aluminum 
panel and black crystalli~ed cabinet is used. 

T his instrulllcnt is cspecially valuable as 
a sOll rce of variable audio frequcnci es in 
the testing of loud speakers, olnplifiers, 
microph ones, and acoustical apparatus in 
gencral. Dimensions 10" x 8" x 7H". Weight 
6 lbs. • 
NEW LINE OF DEJUR-AMSCO 

DIALS 
Literature describing a complete line of 

tuning a'cccc5scries by DeJur-Amsco Corpn., 
9~ Mor-toll St. New York, including dials, 
dial lights and esel1~chcons , is available to 
the manufaclurer and other interested par­
ties. Approximatel}' one hundred differcOI 
styles of dials are manufactured by this 
Company. The six genera l designs are full 

vision, sector vision, secto£ Vls,on bevel, 
direct drive, direct drive bevel and large 
drive. 

The dials are available in tan and whit e 
sei\les, with ei t ber one hund red divisioo 
or kilocycle graduating. A vari~ty of 
bandsome escutcheons adapt the dlaIs to 
practically every cabinet desi~n from the 
period console t o Ihe 1l10derOlstic midgci. 
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LYNCH METALLIZED RESISTORS 
PIGTAIL AND CARTRIDGE TYPES 
Lynch Metallized Resislors, made by tbe 

Lynch Mfg. Co., General Motors Bldg., 
~ew York Cily, no,., employ new <OK" fila­
ment. This new lype fllam ~nt IS I he reSIJ I t 
of many months of intensive research . 

It is the same general type tbe trade is 
acquainted witb-but stronger and more 
durablc and therefore able to mecl tbe more 
rigid specifications now demanded. Closer 
tolera nces are possible witb "K" filament 
and it is said to have tbe capacIty to stand 
grenter overload. 

Another outslanding improvement is Ihe 

moldcd end cap. The enp itscl f is tapered 
for insertion in standard cnrl rt(lgc type 
1110untings, where intc rchanRcal)i lit)' is de-
ired. Tinned copper pigtl1lls, wh 'n . peci­

fied, arc molded into the caps nod nrC not 
soldered or st rapped t hereto. B~' this 
IIIcthod, a clean, sure J 00 per cellt CQlltact 
between I'csista nce clement, caJI ,tid pig­
tail is made ccrta in . 

T he speeiaJ ceramic casing is of sturdy 
constnlclion and maximum bCllt dissipation. 
It wil! withstand morc than ...... erage shocks 
and jars, as weI! as minimizc$ possibility 
of damage by cl'l1shing . 

Lynch Mctnlli'l.cd I{csi·stors arc sup'plied 
ill . J.<.l, I, 2, 3 and 5 wa tts, can ridge and pig­
tail types. There is "Iso the Ignition Re­
sistor for USe in automobile'S when mdio 
sets are used. 

• 
R. C. SPRAGUE T ALI<S ABOUT NEW 

VISIVOX 
"The Sprague Specialties Company entered 

the field of home talking movlog pictures 
after mature consideration of the possibih­
lies_ We realized tbat If a large 'produc­
t ion busincss were to be cstnblished 00 Ibis 
lin~, tbat two elcnlents wert! vitally oeces­
sa~. 

'In the first place, it would be important 
to obtain assurance as to tbe availahility 
oi all types o( films and records for home 
talkie~ . Wilhout tbe material to give en­
lertainment in the home, the machine would 
be of very Ii ttle use , 

"Thc st!cond clement WIIS the devising of 
a ncw afparatus that could be counted upon 
for foo ·proof efficiency and simpJicity­
and which oouJd be lI1anufactured in quan­
tity to sell at prices hitherto unheard of in 
this 'particuilif industry. The popular 
priced field secl)Jcd to us to be the only 
oue worth eOl1sidering. As our plans prog­
ressed, we relilized Illere was a vcry gen­
uine illlercst in th is machine, not only be­
caUSe o( it$ technic .. 1 development, but 
because of Ihe tremendous :lnd compara­
Ijvely untouched field of h01l1c elltertili,,­
l1Ieut that lies in tbis direction. 

"'vVe have been more than g-rati lied, and 
the Visivox Di\';sion of our plant ill North 
Adl1ms is now in 100 per cent i ull produc­
tion on this line." 

DUOVAC 
SILENT 

• 
INTRODUCES NEW 

TUNING DEVICE 
Automatic volume control ill radio Bcis 

has been accepted as a distinct improve­
ment. At tbe same time it has proven 
ilself a liability du~ to a scenting IO!8 of 

• sellsitivity ;lnd a ralher high noise level 
which it introduces. 

Tune-A-Li te, a neW type of gnl-filled 
tube, developed by the Duovae lahorntoriea, 
after a circuit designed by Pro(el90r Alex­
ander Senauke. eliminates these diaadvan­
tages and permits full benefits of nuto­
matic volume control . 

Tune-A-Lite makes possible ailent tunioS', 
Every audible station ill the genernl bro.d­
cast range can .be brought in even though 
the volume control is turned down to B 
point where no sound i •• uea (tOm tho 
speaker. 
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he LAST WORD", 
More Safety 

Less Cost 

HOLED - TlTE RADIO TUBE 
WRAPPER which is revolutioniz­
ing tube packing. 

Check these· features: 

1 Wrapper i. light and fDrm fitting and designed 
"specially for each si",,, of tube. Conseq"Uentiy, 
it provides suspcn$ion and perfect protection. 

2 Su~pen.ion packing p~otecb againtt lateral 
$hock~ and di$torlion of elemenh. 

3 
4 
5 

Tube can be tested without removing h-om Car­
ton, without tearing or defacing the wrappe ... 

Wrapper is easily and quickly handled, even 
by un. killed packers. 

Wrapper c05h leu than any other packing. 

Holed-Tite Wrappers 
are made for alJ types 
of tubes to fit the 
standard bulb sizes. 

Write for samples and p r:ccs tod"y. 
Protect your tubes; 's ave me ll ey_ 

HOLED-TITE PACKING CORP. 
220 E. 42nd St., New York City 
Affiliated with International Paper Co. 

RADIO ENGINEERING 

YOUR 
P entodes and New 
R. F. Tubes Deserve 

~S[AL[DG[D~ 
I WG. V. S. PAT. OFF. 

-th~ 99+% Pure Nickel 

Cloth, with the distinctive 

~("(lt1(·d unraveling edge « 
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"5 EALEDGED" is the ideal 

I:omponent material for the new 

v<triable-mu tubes and pentodes. 

Only the purest nickel wire enters 

into the composition of this doth. 

Even weave and smooth finish 

are obtained by our special pre· 

dsion machinery. Costs only 

slightly more than ordinary raw 

Ult wire cloth. 

We also furnish Molybdenum 

~ (;l;een for special applications. 

Ddails on request. 

NEWARK WIRE CLOTH CO. 
358-372 Verona Ave., 

NEWARK, N. J. 

W id'lOU l any obliga tion On out pact 
1-_1 I'lc,se send sample aDd der~i1s of 

"Sea/edged.' • 
I Pleas. send (ep,esrnta{ive. 

I · · · · · ·· ....... . . ... . .. .. . . . 

. ......... SrJ(c_ .... . ....... . . 

• 
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e Measure 
or 

Micrometer? 
A good 
mechanic 
does not use 
a tape 
measure. 

He uses a micromeler-nn instrument u p o n which he can 
d epend for aCCUr,acy The "CJ.p ; ~ measure m igh l lurnis h an ide a 
of siz e b u when accurate :11t :: lSU rl:r.·,/~[lt 19 es.!enlial he woul d 
e m ploy a fnic rome h: r. 

In the work of testin g ,ou\d scrvldng Radio sets th e lr\stru. 
men(s emplo yed most pO S S~9S uneTring accura.cy. You cannot 
e m ploy tape lin e in str-u men. 3, they mue,t be of mi (' romeler 
u ccuro. c y . T here should not b e a n y rOom lor doubt On the 
p a r t of the serVice m a n wh e n h e is in contact with the cus· 
t omers re ce iver . The t e .sts l\\ust rcfl~~t. eltactly lh~ Cortd.hon 
oj the scl. 

DayraD Radio Service Instruments Are 
Recognized As Standard 

B e c aU3C lht:y hive slood the test. 01 time. Lvery OaytoD 
Tube Checkey , Analyzer , OIi. CI B4ll0r. Te~l P a.nel, Voltmeter -
Ohnlete r , OUlpul Meter or other i nSil,-um<; n l. although sold tvY 

Ie s than olher" III :st.rurn~nt~, poss r.:ss ~upe r quaH ly. 

See These Service Instruments at Stevens 
Hotel, Chicago, Week of June 8th, 

Booth No.8-57 
o{" If you an.: no ~. go~ne to the R.:ldlO Show sl!nd ~or Catalog 

wlue" dcscribe.ti and dlu$tralr;s lhc9C various in.sln.Hi'wnl&. 

5th & Norwood Dept. E. Dayton, Ohio, U. S. A. 

TYPE H III 
TYPE T M $25.00 
$65.00 

Le ... SI:A.I14 Transverse Current 

TYPE J M 
$25.00 

Le..s.o SWld 

MICROPHONES 
Wril. for 20-palj:0 eataloiue and pri~ JiM describing 
mi<rophoncs. Jrucropbono ampUfier&, 50-watt power 
ampUfiers, elM' dynamic air column units, expo non­
vol hortl4, oyaeh,anOIM and non·ayn.chronous turn· 
tabl.... aDd complet .. panel mounted .. quipm.n! for 
.chools. hotels, hoapitsls. park •. $kat..lng rinks. steam· 
lhip!l. alrplanes. 3l1dhorlums, theatres, cle. 
Ash about tha PORTOVQX, a eampletfS pHlabl" 
sound 8,.,lJtern In two pluc~ lor convenient cDr"y_ 
inll, 116ting at only $260. 

Amplion Corporation of America 
133 w. 2ht St., New York City 
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Says the 
Radio Tube Manufacturer: 

" Our reputation and therefore our suc­
cess depends upon the quality of our 
Tubes; and this reputation-maintaining 
quality calls for the highest commercial 
quality possible in each of their parts. 

" Such quality can be secured only from 
an organization with the last word in 
special machinery and with long and suc­
cessful experience in the making of tools 
for, and in the production of, a great 
variety of such parts. 

"Furthennore, that concern must be a 
sufficient source of supply for all the parts 
we need. We could not afford to pick up 
one part here and another part there, 
among those who are able to produce 
only a limited variety. 

cc In short, I demand an organization that 
is a factor in the Radio Tube Industry 
comparable to ourselves: dependable, re­
sponsible to the utmost. For these quali­
ties are essential to our own stability. 

" And finally, Tube Parts manufactured 
by an organization such as I have speci­
fied are priced right; that is, lower than 
we could manufacture them for ourselves 
or obtain equal quality for elsewhere." 

Says Goat: 
"This is an advertisement of just the 
kind of concern you have specified." 

GOAT RADIO TUBE PARTS,INC. 
]3 35th STREET, BROOKLYN ,N.V. 
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Insulation that lDeets the-
specific needs of Radio 

Uniforlnity 
'TIlOusnuds upou thousands of pieces--cach of the 
exact in (el'UII I and cxlcwal diamelers called for by 
l:Ipecificaliolls'c!lcL possessing lhe snIDe ruechanic.'1l, 
chew i~ 1, elcctricaJ and thenna} chul"!lcleristics- . 
that spell!! 

~ 
Tho brand nnme of n complete Jill~ of qun!ily radio and 
electriwl inoulnling parts made to fit individUfll r~CJuirempnts, 

W rite for data ror:ardi"lf Crolitc. B.tl~r ,tifl, 
sf!nd spe~"fictltion~ and drawing is .1'r.1 tha.t 

We may QlIote On yOt.u ~.x(lt't requirements. 

HENRY L. CROWLEY & COMPANY, Inc, 
Spr:r;fl1.listl1 ;TI Se()erc Sf!.t'llice Materiallr 

1 Central Avenue :, :: West Orange, N. J. 

MANUFACTURERS who have tested our 

special radio grades of hard rubber in-

6ulation, XIB and X2B, invariably prefer this 

material because of its iwportan t physical 

characteristics -mechanical strength and 

hardness, low moisture absorption and excel­

lent di-electric values. 

For many such manufacturers we regularly 

supply punched, turned or moulded parts and 

raw materials-rods, sheets and lubes. 

Samples and quantity quotations sent on re­

ceipt of specifications and blue prints. Write to 

AMERICA~' HARD 
RUBBER COMPANY 
II Mercer Street ~ew York, N. Y. 

spec}fy M- & -W Loc<l"e',s . \ Ra<l\o EW.'\-
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Avail Yourself of the Facilities 
of Our New Modern Factory-

EASTON 
COllS----:TRANS FORME RS 
WIRE-WOUND RESISTANCES 
Manufacturers who desire to connect with an up-fo-date factory 5iecializing in part. for radio 
sets will find ideal business relations here. Your own deliigns wil be turned out to exacting 
requiremenk-you will have the confidence that your production schedules will be met 
on time. 

Our Engineering Department will be pleased to cooperate with you in your design 
problems. All information will be held in strict confidence. 

Send rOUT specifications-or ahall we call? 
Samples am! quoUJ.tions lurnished promptly, 

EASTON COIL ~OMPANY 
. 22-19 41st Ave., Long Island City, N. Y. 

Give Your Product This Added Feature 

DIEHL 

TEL E VIS 'ION 
~,' .... \. .... •• j",-'-~. ~ .. - ,... ~ •• ~- -1"'" .~., ......... ' . 

RADI.O'- PHONO.GRAPHS . 
-'. . " . .' - . \.:. ,: ..... -'.' 

HOME TALKING PICTURES 

MOTORS 
No matwr how well deJ!'lgned your oquipment 
may otherwise be, perfornllluce will largely d&­
pend upon the mOlor drive selected. 

Forty·three years of motor mAnufacturing ex· 
perience places Diehl In an unique position for 
developing and producing electric moto" to 
m~l Ihtl individual needs of maDufacturer!! in 
the expaoding field~ of television, home·talkietl, 
sound projection, electrical IraD.!lcriptloo, public 
oddre!lll 8y~tems. record chongers, elc. The 
adQplion of Diehl m.olors hy foremost radio­
phonograph tiel manufactnrers Is 8ufHdeut 
proof of thclr c01"l"ect lind dependable per­
forDllUlcc. 

Standardize on Diehl-and give your :machlnee 
the added feature of II molOr drive which has 
trade recognition and acceptance. 

DIEHL MANUFACTURING COMPANY 

AtI""1a 

Electrical Dill(.o(on 01 the 

SINOER MANUFACT[JRJNO COMPANY 

ELIZADETHPORT, N. J. 
SOJlon N .... Yorll PhlladelDhla 
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Sound Amplifier 
Systems 

Input equipment for radio broad­
casting and sound recording. 

Centralized radio and public address 
systems for hotels, auditoriums, 
churches and amusement parks. 

Astatic condenser microphones. 

W rite for dC5cripti'De bulletins. 

~ I R. C. Powell & Co., Inc. 
350 Madison Avenue, 

New York City 

Licc"8ca "'I!kr Loft,"-While patents "P.ndillV. 

Shallcross 
Multi-Range 

Kilovoltmeter 
~MADISON 

Multipliers 

for A. C. and D. C. mens­
urements up to 20,000 
volts . 
R esistance 1000 ohms ("lcr 
volt and higher . De-
scr ibed ill our Bulletin 
700-I\:. 

Shallcross 
Megohm Decade 
Resistance Boxes 

Incorpora ting the highest grade non-reactive, wil-e­
woulld resistor units ;end the mos t motl~rn m('thods of 
insulation to gU:lranlCe Low L l'akage. 

No. 935-Two Decade lO X (.01+0.1) TOla' 1.1 ~1egohms 
No. 945-Two Dccad~ 10 v (0.1 + 1.0) TOI,,1 11 Megohms 
No. 960-Two Decade to X 1.0 -I- S X 10 Total 60 Megohms 

D escri bed in on, l)n!:c:tll' 900 -K. 

{Frile fur tliese two lmile/ ills. 

~ILI §~~~lm(C[l1ID§§ M~r®~WlM~ It· -; , i '-
.. ~ ELI<:IC1"I't I[A'1. !li"" e:t:'!I.n..~'u~~' " 

~oo P A R"-."'''' "'V~ N"~"""-
~e ... mjnyd jj)je , 1JD.8.,.... 

( ,.'-~~i;/ 

W~ also m\\nufacturc Super AW: r:l.-Ohrn Wira:-Wo und Resistors 

OverWoltiny OCtiln at.!lllinois flvemte 
ATLANTIC CITY. N.J. 

Now is tbe li me lO visil with Spring 1 nits llJtural 

srrring . .. splashing surf and sparkling sand$-Sc, 

air and sunshine . and to meet Summer as it 

Comes swinging in on the wings of a Soutb. tn 

, 
I 

I 
! -: 

brofZC. 

Fo[ lh, berr" .njo)·ment of these seasons. the 
Madison is so dedicated. It offers J touch of 

quiet "elusion in the smutes!, liveliest part 

/ . 
of the H SOH- ·provides snvice an.n­
live lo ev.n tbe le;lst of derails 

surrounds its guests with ehe 

(.harm of Jutn.net, Colonial 

appointments. 

{?,r:rt~8 j or ei tllfJr l1.mcrlca.n 
01 J.::ul'Qf}ca.rI Plan (~"'C mO.$l 

atl nwl t t-c. 

EUGENE C. FETTER. 
Man.ging Director 

I 
! 

FETTER 16 HOLLINGER, INC. 
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-DIALS 
.."....,~NAME PLATES 

-LICENSE PLATES-

Full V'alun A.L~'lVl'cvn--abolJ' hulJ 
uctuul 6/Ul. 

Our large and modern plant affords excellent facili­
ties for the speedy production of your requirements 
in etched and lithographed also embossed metal 
specialties. A large variety of stock dies enables 
Radio Manufacturers to effecl great savings on 
escutcheons, for regular models, Midget sets. and 
auto radio sets. 

Bend tJl>UT blw:I'Pints - our .A rt Department 1nilZ 
gkuity submit origimat sketches for your appr{}Val. 

S:ene!~!~§!,:~i~ ~.ea: 
~*,Iii'&}IW~ 

3070-82 W. GrII.lld Ave., Chicago, III, 

JENKINS & ADAIR 
Condenser Transmitter 

Type 0 ·6 
Paian(>!d U. S. A. No. 17gM~ 
0 .. , No. aJ~~O And Fo"i~n 

A high qu:tlity sound 
tfonslating d 0 vic e for 
broadcasting, recording 
sound measurement snd 
announcing. OutPUt im­
pedance 200 ohms :tod SO 
ohm~_ Ilae substantially 
Bat response curve and 
output - 30 D. B. 

Actuator res p 0 n 8 (l 

curves furnished for pre. 
c.i!ion ~pplicatjoos. 

We h:ive a large stock 
of ucce::sories such ali 
stands, suspension clamps, 
microphone booms, COD­

nectors, cable, etc. 
m.,.,,,,uOll "bo... 0-6 e.u­
dcn.~ Trnr13mHt,Lr $2~ OD and 

~:,. 2. Cf}"s"'1.. i~i5~, o~t~ 
C!dc.a¥o. 

Write jor Bullerin 6·E 

JENKINS & ADAIR, INC. 
ENGINEERS 

CHlCAGO, U. S, A. 
Cable Adchess: .JE10,A,DAIR 

Phones, Kc:roton6 213(1 3383 Delroont }\\' efluc 

BrllIsh Olll.n : 76 Old llaU Slreet, U"'I'COI. £n:J.od 
40 Ilutkln.runo G .... \'ond"". SWI, Eo~bDd 

Frt:neh Offloc : 1(; Rue dt' Cbatoeudun. Asniof'I:"'_". lrruDee 
Me"lcon om .. , Av. 6 do MIlY<) 10, lU.oxleo D,ll' .. M~co 

"B ecause 
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All Kuur S.IJ" Fx",t1J Ci.1lJ A 
PU(ilySpuifittJliDNJ o/lbtA.S.T,M. 

it's safe, Smith!" 
"I've been making sets for years, and I know 
there's only one safe soldering flux for our kind 
of work- rasirJ. Kester Rosin·Core Solder carries 
a rosin flux inside itself-and it 's a plasticized 
rosin thar even age can't impair!" 

Kester Rosin-Core Solder always goes the 
best one better. Irs virgin tin and lead exceed 
even the A. S. T. M. Class A specificacions for 
purity. It's fast, too- a rime and labor saver. 
Radio and electrical manufacturers who use it 
see production costS go down at the same time 
stan dards of efficiency go up! 

Write to our Industrial Development Deparr­
memo Lee us untangle your knocry solder prob­
lems. We can do it! 

Kester Solder Company, 4224 Wrightwood 
Avenue, Chicago, Illinois. Incorporated 1899. 
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Sra"tIardge 0" 

k;lTIi{.@H 
Lynch FeallHes: 

Cl(!s\~r T\:llemnces 

i~~ru2:~~%f!r::~~11 
OI'eLl.~Dl Sarlll,)' FllCLOta 
Motruuv ProoI-l'I01.8.l .... 
l'Jg141hi molde<l In - not 

RESISTORS .9l.rIl.Jlp~d Or eoldete11, IDr 
eu.rtD8 l'OSlth'(] I.:Oot.a..ot.B 

U.i.ng the Nelli TYPf! "K" Filament 

PrCialsIOLl WI", \VOlmd 
Carl.l<lgo 0",1 1'i~1.1I ~",.. 

Service Costs , 
Steal PROFITS • 

You. can lJla~r1al11 ~duoo onrbead 
CXJl(:Il8t;1 by 11.lIIe ot prodUC(J!I that i1T'8 
Il'\Uu'aD1Ccd Lc J{1~o IlcrCoot ver(onc o..ncc. 

Wrlle for dl\.t.u. 011 tUrvElS tibd otber t08lU 
of thl8 moot &dnnced resltllanco unit 
Dnll1lble kJday, Samplc.s rubroUtO(1 [Or 
le::u 00 rccelnt of dIJeC,nOilnQ~. 

LYNCH MFG. CO., IDc., 
OopL RE. 1775 Broadway, N . Y. 

BRASS-BRONZE-COPPER 
NICKEL SILVER-ZINC 
PHOSPHOR BRONZE 

In GIIUgll~ .001 and Thicker. 1/16" to 16" Wide 

HOT TIN COATED METALS IN COILS AND STRIPS 

THE BALTIMORE BRASS CO. 
1206 WICOMICO ST., BALTIMORE, MD. 

TYTTTTTTT~T~YTYT~YYTTTTYTTYTYTYTT 

Premier 

AUTO RADIO 
Control 
Universal mDunting, e:tee:r­
ing column 01" instrument 
board-key lock awltch­
lllum!na.hd dlal-inde8truc w 

libl. preo •• d Iteel-black 
rust-proof f\uI5h-limall 6ize 
3~~ " 4'/,"'_ .. 'dl lob. 
Mel nufacturf:rs inquirielto 
5olicited. 

PREM1£R ~LE£1Rlt :COMPANY 
&toblbh04 lll06 

1802 Grllce Street Chieaga, U. S. A. 
.4.4 •• &A4.4&A4&A&A~44444""4""~~ 

NICKEL 
WIRE CLOTH 

for rbf 

RADIO TUBE INDUSTRY 
Any mesb WOVtn accurately to your Ipecific3tiollJ. 

"CLEVELAND" 
Wire Cloth renowned for its Uniformity. its Superiority, 

its Durability. 

Advi$t tl6 of your Requirement. 

The Cleveland Wire Cloth & Manufacturing Co. 
3571 E, 78th Slew, CLEVELAND, Obio 

RADIO EN&INEERING 

Astatic Microphone 
Type .ao 

Many featurel Includlni Ilgnal 
lights and three v.lull of out­
put impedance m.kllthe 230 
of outstandlni value for Public 
Address, Recordlnl and Broad­
cast use, 
Bulletin No.3 on nqueat. 

ASTATIC MICROPHONE 
LABORATORY 
YOUNOSTOWN, 0, 

N,w Ytr_, 
R, 0, 1',.,11 ,. OQ .. I nO. 
JlO MIG lion Ave, 
OhIO",1 Ran l;'H,G In, ,. '11 m 
fli 'Jf. "Lllhl,an An. 

We Cater to Laboratorie..-Broaclcalting 
Stations-Talking Movie., Etc. Parte for 
any and every item you may need always 
on hand. Call on WI for your requirement. 

I 4S VESEY STREET, NEW YORK CITY 

BErrER RA"DlD-PE~RMANCE 
wUh ..!bLPERl 

AMPERITE ButomBtlcally regulat .. line voltage 
fluctuations . Improves t,one, protloh tub •• and 
other e~ulpment, reduce. free •• ryloe, •• elly 
I nstalled In 5 mlnute8 without oha"l, ol1ano ••. 
Makes your careful laboratory epeoltloatlonl mean 

~omBthi no In better .. t performllnce. 

'ustln8 
I' ... - - ' . -", __ .. __ fONTROL 

RADIO APPARATUS TESTING 
Life tests ond choroderistics 
of vacuum tubes. Colibration 
of all kinds of instruments. 
Determinlltion of inductance 
and capocitones ot vcrious 
frequencies. Rss/stones meas-

urements, motor tests. magnetic tests, etc. 

Electrical Testing Laboratories I 
80th st. and East End Ave. IV 

New York no yTest 
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ACME 
TRANSFORMERS 

ARE BETTER 

See the Acme Exhibit 
Booth 11 

R. M. A. Show 

The Acme Electric ~ Mfg. Co. 
1440 Hamilton Ave., Cleveland, Ohi.o 

Type 403-C St.ndard-Signal Generator 

Price $800.00 

RECEIVER TESTING 
Throughout the industry General Radio standard­
signal generators are makIng tbe standard I. R. E. 
and R M. A. receiver tests. In the development 
laboratory and in the production line these instru­
ments measure the sensItivity, selectivity, and 
fidelity of broadcast receiven!. 

Consulting engineers for progressive broadcast 
stations are also using this instrument for making 
field-intensity surveys, thus determining the actual 
effective coverage of the transmitter. 

Write far a CDPJ' 01 Catalog 
F -AB which deserib"" this 

in .. trum6!lIt in Jetall. 

GENERAL RADIO COMPANY 
Office., Laboratoriet, Factories 

CAMBRIDGE A, MASSACHUSETTS 

Carbo., R~:s:lsto(" l. 

WlrQ Wmmd Rc.lstof'l-. 
SlrJ p ReiJIstou 1 

S..ldoh II> R.,ln ..... 
Voll"go Droo R"I.to ... 

Af Coli. 
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C.1.rlrhIOo Condense,.., 
FIU.::!r Condenlon l 

D~ - PA~' Cdnd~nwrs. 
MOid eL! Bokollt. Condon .. ,... 
Con, ... B~~oll(o Condon •• r .. 

EL-MENCO 
ANNOUNCEMENT TO SET MANUFACTURERS 

'l'hc Elootro )rotlvo l1oD~ln""rln!!" Coppo .... tlon now 
OfTCTB a m!)!lt cO'fJ\[Jlete lJac or ~8ht(\r'8 8.llu. conlJeDIiCTa. 
Tbe Uno nt r~B18tor8 ta."kC!:J In carbon r&!li8toJ'l8. syn­
thctlo r6si~tord, Wtl"8 wound re"hftor'lII, atl"lp reoelBtoTs, 
aeaJdnhm rtlt:i1stol'1t: o.nd heavy duty ,oottaKe (,h·ot) re.­
slstora. The Une of con(\onBerB Inelude. 0,..,1\11 cart­
"'idJ:~ type by-palla condcnHors. ftltel" ooUdenS8'f'8, 
IDolded, ftO d (".'tluvtt8 bakelite condonsers . Tho 1l0W 
addItion. lire held to tbc 81Wle oxactlng sto."d8.l'd8 "'" 
adhered tu I n tho pUil. The beBt .rMlodc of lIneu III'pcr 
j 8 u~ed In tbe n1.nnur~t urlng of the C" .... r1.rtdge el)n­
dcn"er. It 18 thoroughly IlnI>rognlllcd Ilnd hilS Ii I>tgl\ 
InEluls.tJ(Jn ree lstnnce Bnt1 Jow Dower fact.or. ThsBd 
cnnclCDIft)rij a.rc BUPDlJed 11\ capn.clticR from .005 mtu. to 
'h Jl'lfc1 . The.so conden!t6rti: arc '~cry officlent and 000 -
nomkal nod """ readily be ndo.I>tcd to fit the require­
ment" of vadons de6'gn ol'Bash. 

"QUOTATIONS AIID SAMPlES FURNISHED ON REQUEST." 

ELECTRO MOTIVE ENGINEERING CORP. 

797 East 140th St. New Yorlc, N. Y. 
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Rocke International Electric Corp. 

... ... 15 Laight Street, New York City 
Export Manager~ 

.. Radio - IIrJund equipmenr, - Electric Products ... .... ... 
o . BUT. 

. p "'..! . 

<!r®NilEN.§iZfR mJ/§,§lIHE 
Stocks of an standard sizes 

in 
New York and Chicago. 

lilqe ®I~ !nI:lBt['rB paper &: pulp <!orp. 
154 Nassau Street, New York City 

CUT NICKEL Illld FLAT ENDS 
for Radio Tube. 

b8weer> .070 and .006 dia. 
:L.OOZ"-na hurrs----cvery pl.cee &traigbl 

Capacity 10,000,000 pie~s daily 
Small met.1 parn to ~Ok' blue />7;m. 100 t~ 67;,000 pieces P<. lb. 

What },O1l ca,llIot m~k~, uJ~ will. 

Art Wire and Stamping Company 
18-22 Boyden Pla~e, Newark, N. J. 

QIr.I .. llb WIn far • ...., b'9D IT hook-ap 
uAl~."xn • III, baflf: brald.d hook·u, wlrI •• d. 

Dnl:hr • ItRt'nted ~roCle.u.. 
Alph "H ,T" .. , .... WI" lool.rod R.bbor) 

1-" R E. TI NNE D. UIAM ELED·R UB BE R CO V[RE D 
-CABLES TO SPEClfiOATlQN-

ALl'Q..\ WmB OOBP01U.TIOJ( 
a2 HowlLI"d St .. New York City 

MICROPHONES 
1111 ~I.d. S 10_00 '0 $360.00 

For--Ho",. ReD.rd ..... Ty~. S_ G. P ._ •• _ .................. LIlt ,10.00 
For Publlo Addreu WDrk, eta •• True S. S .... ••• •••••. . •••. LI .. t ,f2:;.QO 

~~:~~:~~ :~~~~:~~ ~~~~J .. , 1>;.~~ ~ ~'. ~ ::.::'::: ~::; :::::: tj~~ ::t~g 
Condefuer Typo for ~Im Rnd rtto.-d rr~o,.(Jlno. Typo S. G. C.. Lh1 .$250.00 
Alio delk. flo Dr standi, cov~ri a.nd ere. [)(Jl,.-t Mlcrophl1l1& RcP"lu, 

SILVERLEAF MICROPHONE COMPANY 
2658 PM.d,." Avo.. Lo. /lovol"". CDU!, 

:\Ihh\' ('~l D lS't rflm tot"S-Dun£tll n t..tc St l:'rnficld-Rn41o S:lr~.. Jnt:'. 
I~01 :\Il ol\\J:nll Aye .. So. llepr .... llnllrcn mlnled 

StaInpings 
Pressed Metal for Radio Industry 

Steel, Aluminum, Copper, Bra~s and all Alloys 
Send Inquiries and Drawing. 

METAL SPECIALTY CO 1~33. Riv~nid@. Dr. 
• CJnClnna tl,. OhJO 

GEARS 
In Stock-Immedl .. te Delivery =1. =ln~due:;rr.,.,~v~.toA ~~l~lb boo~ 

c.o.JT:icd )n OUT cJ'eago fllocl!:, CaJI IlUI;J QD.~ (ID. 

Ql)('Ol II I ~en.~ o( IIDJ' kind. SetHI. U& Tour blue llnllUi 
and I.c..quine.. 

Write (Dr Catalog No. 200 

CHICAGO GEAR WORKS 
769-773 W. Jackson Blvd~ CHICh9.0. ILL. 

SPOT WELJ)ERS 
From .ooon 'r" '10. 
Oom lJln 6(1 'J"II~lk "" ... 

LeI u. .al". your 
Spot W.ld .. Problomo 

EISLER EI.ECTRIC 
76a I;.,,,,h I3lh "I .... ~I, 

l'1Jo;WAIU\, N. J . 

• - --I Il.' 

Baach-Intemational 
Compound High Vacuum Pumps 

We manufacture all aiz .. 01 High Vacuu", Pumpo Irom 1-200 
cu, fL per mi:n. AU pump. _r.d a.t ~ micron b.rore 1.lvlDI 
factory. Writ. 10. drtai'" 

INTERNATIONAL MACHINE WORK! InC) . 
627.6Z9 Thirty.Second St., UnioD City, Ne. J.,r .. y 

CONDENSER PAPER I 

lSZ Corne.lison Ave. ' Mills at _ /'1 ..... ,." 1\", .. 
J", •• y C,t}". N. J. 11,·,.,.1 .. ,11 •. N .. 1. 

PETER J. SCHWEITZER I.,,:., 
200 Fifth Ave. N.jw Yorl, 

BARE AND TINNED 

COPPER WIRE 
Por All Purpo • .,. 

Fin. Sis.t. Our Sped"I!" 

SPARGO WIRE COMPANY 
ROME, NEW YORK 

Estab H.b.d 1 ass ,- - - -" 

The Home Hotel of New York 
Homelike in service , appointmonts and 
location ... away from noise ond con· 
gestion. yet but a few minutes from 
Ti~ cs Square ... gorage facilities for 
tourists. 

nnom al1[J 8:..t~ from '3 J'"mlc. $4 dQuble-$OO toeml 

Home folk6 will like this hotel 

HOTEL 

BRETTON HAL L 
BROADWAY at 86th STREET 

NEW YORK 
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extolite Laminated 
A 

"GENERAL ELECTRIC' 

PRODUCT 

WJHEN YOIl look ~t a piece of TtXloljtc laminated you 5e~ only the physical substance--yel b"bind 
W tha t subs!a nee is ., nJr organization. 

RC$carch laboratories. world-famous. mJke consrant. unromnring efforts to discover nature's secrets. 
to seck Oil! new dnd better 1l1ccbods and matcrbls. 

A corps of cDgine~rs. wilh years of experience in rhe manufacture of Textoliu. labor inccssanrly (0 
improve qllality and furnish rhe besr materials available in the industry. 

PUNCHING - MACHINING 
SI". 10 - Rods - Toblng 

All all" e"'rl~d In ."',k 
GENERAL FABRICATING COMPANY OUR PROMPT SERVICE-I, 

a -valuable tlSltt In ca_ordl. 
natlng Ymtr DrQductloA WDrk. 3 7 East lSrh SCHer, New York City 

For MIDGET RADIOS 
Equippc<1 wilb Drawle), .Felt Feet, recei vers C<l n 
be •• 1 dir<~lly on a polished su rface· without 
dangor oC scra tches or lllnrk.. Lool, inlo Ihe 
acl v~llla~e. of Dr<\wl cy Fel t. Feet from n SIll es 
nppenltng angle. 
ffhrcc t)'pe.s-m~eh i_l\c .8: t=:£"CW t ",ood £cr~w :md 
nail. 

Fr.. sample 01 D~Y 
tyPt1 y ou WlIrI' 

~I(. If)~& ~~ 
T. R. BRAWLEY FELT COMPANY. 

279-20th Str~.t, Brooklyn. N. Y. 
INC. 

~~r~SeT~?}~~~bLw~~~ur~~!~!~~~~ 
-Correctly Rated 

Four Years' Service in the Eciuipment of the 
New York Stock Exchange 

Withotd a Breakdown 
No Olher Resistor Clln Boast Th,s Record. 

El eob'ohm Ruillura arc DOt ll'\Uied-lI'tred-&ked---eto. to i!.llJ' d~reo btcrond 
Ib e annt.3 UftR DolnL or the: reAli'·' Dh06 wire : OODtJLcts b atween wire IUld 
l erminill..!:: A. rC!: llO" Bnue:d-81l0l · \V(·l l lj : ll--Sotd~red--COawd--eta.; ... u the:s.& 
nlbl.hods cau.&e nlclre\ otida 'ithlc.b lill.!J heeD tbo "Walcl'lco" or re::!lstora (or 

~~try b~l:~t~oh~()!M!!'j.tG~J~~r~'~~r ~a,:tl~~()I:.·~°.AlkO~r ~:!~CJJlUr~;rrt~!~: 
"houraehl,..~ra--S.fHld Ul ygur Ruldor IP~I~tiltlonl Ilnd wa will luhmrt 

Inm()'e& and QUD1at1Qnl . 

ELECTRICAL RESISTORS, INC. 
1';9 Riverdale Ave., 24 Onondaga St., Yonkers, N. Y. 

Te.JophoDC Ncpporhan 5658 
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TERMINALS 
AND 

AUTOMATIC 
STAMPINGS 

Hot Tinned 
Easy To. Solder 

Send For Our Card Of 109 

75 Samples 

F. R. ZERICK MFG. WORKS 
68-72 E. 131st St., New York, N. Y. 

Introducing the Latest 
MIDWEST 

Condenser Microphone 
The result of yearS of intensive 
engineering research - this mi­
crophone provides natural, life­
like reproduction, responding 
faithfully to frequencies from 30 
to 10,000 cycles. It is free from 
background noises and is not 
affected by climatic or tempera­
ture changes. 

All MIDWEST e'1l1lpm~nl ;, 
SUDer/aT in QULllity 

Low In Price 
GuorLlnt.ed 

Midwest BT08dea~1 Eqllipmont Co. 
6007 Dlverscy Ave •• Cbica(;o. U. S. A . 
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PRESS 
DOWN 
\-IERE 

FAHNESTOCK CLIPS 
Standard in the Radio Industry 

Made in 58 Size. and Shapea 
Send far Samplsa and. Pri~" 

FAHNESTOCK ELECTRIC COMPANY-Long Island City, N. Y. 

~~~"""""""""""t""~""nTn 

NEW "CONOID" 
R.F.CoUs 

Superior Quality at low 
cost-highest efficiency 
-air core, no absorp­
tion loss-low blgb fre­
Q uency resiBtan ce­
small size, copper can 
2" diameter lYsi" deep. 

AUTO aDd MIDGET 
let maDufactur"r. fur­
niahed .ample. free of 
charge. 

PREMIm ELEtrlUC t£JMPANY 
1802 Grace Street &>t..blJobc4 lQ()(i CbicaS'o, U. S. A. 
.~.~ •• ~.~~A~ ••• ~.~A~~ ••• 'AAA 

Jletti== 
8/!ectzpq 
cata/bq 

'l'hu new EI.,<!tr .. d Oat..lol!" coyoro tho conll)le~e liD" or 
Electrad nll.lotors. VOltlllt" Cuntroh .>nd Loftin-Whit .. 
Ampllflor-A, inQrU(UD~ 80veral l.mPO,rtRot new prodndH . 

In addition, It co>ntr>lnN .. /Croat deal or helpful Infor­
matlon, on r08i8 tD.-nce pro bleru8 that confront mODufB.()­
turery and profe&Htnnlll 86rvlco mt.'D. 

In order tJu~t we nlay bo ccrtlltn It reaches only thoS0 
'''fho call ma.1ie ~ood U~e vf It, plea.eo reQDest your copy 
on your btlRlnc"" .tntlon"n', .. ddre •• lng Dcpe. nE-6. 

175 VarlOk 8t~ N .. "", York. N.'Y_ 

=========ELECT~ 
.. ..:tJrICI..--.... ' .... "' ... ....,...............-.-

When you need something 
'f> 

Ir ' " " 

'-StaJIe R""I.tancc A mp/mrrr 
Small, nea.l und c%lremdy 
8erviceable. Combines marl· 
mum arnpJific.al[Qn wHh mini­
mum dlatoTUon. 

SPECIAL-
Short Wave Superheu 

KeyinS' Relaya 
Frequency M"ter8 
Audio Oacillatora 

Wave Mete ... 
Frequency O.cillatora 

If you h.ave a problem in your 
plan t. or lo.bolil. tory, or nr;~d epcdal 
equIpment ler testing or communl· 
c~ tion, we e. re In B. poailion to 
DBsiat you . 

WIRELESS EGERT ENGINEERING 
179 Greenwich Street, New York 

• 
ERRANTI 
For AMPLIFIERS and Special Impedance 

I : MATCIDNG TRANSFORMERS 

to meet precision requirements 

Write lor inlormarion. 

FERRANTI, Ine. 
130 W. 42nd St., New York 

LAM I NATIONS 
lor Audio & Power Transformer8 

SI'EC(A.LIZED HETnOD8-YEJLBI! or EXl'EBIBNOB 

Wide V Briery of Stock Standard Size8 
Dlrnendon and Price S~U un reqTIUI 

We A.bo Make 
PERMANENT lI[A.ONET8-DIE8-'1'OOLI!­

METAL STAMPINGS 

FaciUew lor pron'Jp! lJeF'vice 

·1 

E Th C Sk' 1100 to 1120 omas (A Inner E. Twe"f.!I-Third St. 
Steel Products Co. INDIII1NAPOHS,INO. 

~------------------~ W E. offer to D1QD.a1ac­
turerlll intere.ted in 

EXPORT 
'the .ervices of a dependable organja;atio~ 
well estahli.L.ed in 'the entire foreign fieLl 

ADIt AURIEMA, INC. 
Manula&:turerlll· EXport Managers 

116 Broad Street, New York., N. Y. 

~--.---------------~ 
DeWALD 

PENTODE RADIO TRlO 
LI"1>n.ud By R.O.A. 

A Cha&lIi8 for Every' PurpQsfJ 
ll~or A.C. ul" D.C. Currentii' 
Write F"r Pull PttrtiCt«ar~ 

PIERCE AIRO, INC. 50~ Sixth Ave., 
r{cW Yurk Cit,. 

1 

I 
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THE Group Subscription 
Plan for RADIO ENGINEER­
ING enables a group of engi­
neers or department heads 
to subscribe at one-half the 
usual yearly rate. 

The regular individual rate 
is $2.00 a year. In groups of 
4 or more, the subscription 
rate is $1.00 a year. (In for­
eign countries $2.00.) 

The engineering depart­
ments of hundreds of manu­
facturers in the radio and 
allieo industries have used 
this Group Plan for years, in 
renewing their subscriptions 
to Radio Engineering. 

Each subscriber should print 
his name and address clearly 
and state his occupation-­
whether an executive, engi­
neer, department head, plant 
su perintendent, foreman or 
technician, etc. 

Remember this Group 
Plan when Your 
Subscription Expires 

(Radio Engineering) 

Bryan Davis Publishing Co., Inc., 
52 Vanderbilt Ave., 

N. Y., N. Y. 

Lo! Angeles Chicago Clevelalld 
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~~ta&d 
MAKE SURE 

OF 

REPEAT BUSINESS 

FIRST! 
'rlHlt'fs wh~l'e the r€'llJ profit, is. l .... ·irst $nl(~s nore 
Jonued ,~ith de"ciotun cntt pro llu ctl on Dud promo­
tion COloO tS. Forced snles , jf llossihl e. at. nUt entail 
h erM·,. nU\'crtJsin,: nlHl seUlng {' x p ensc. Ye~, for 
{"cal ]Irofitl' yon nlU",t, mo.){c s ure thnt y o ur pro(luct 
cnn "in n ("c))u(n t iu n thnt hr lu l:8 those low ens' 
REl'EA T SAL J~S , 

To help mnh,c ynur J"'W hl1les "lH!~t... 8c1leJ"s" A I'U] 
"l"'elH."fltC'rs ,q u~ e l"aJl .... tIJ ., 1 l'ur c 1I1et ! I 1.~ lit C\'I.Yty "itul 
Pflrt.. Th(::'10· run UIlIf'''' lll, 11l~,.{tl rJ\l (h 'IHHl(l:\lJl~~ . nrc 
necurn to in (timc n;'o( ju l L Fa 0 f.I. h'c) rc/illcii theHl dl­
r<.,-ct frofll Ol'CS nlul 
bnsic sa.lts, undo .. 
CODtitnlJt cf.)Dtrol of 
[l l:dJorntDT)' stnn" 

thnt kno\\'s tU~Je ... 
An(1 ICHo\\'s ,,"llut 

tu u6 IJUl kef'S llC'ccl. 

FUflstcot J~ 1\ dc· 
\)cnullble SOUrce o( 

6llJl}pl)' and 1s )Jre­

p:l.reil to furni6h n 
meL~l just rh,hi fu)' 
rour us e.) frOtH n, 
wiuf'l ll.ne of rare 
ll·H~tfll.!l o.nd ", toll(l­

o...,.d or specia l al-
10:)"6. Lnrge ~to(~Ic: 

lor lnI1lled in te de­
liveries . 

FANSTEEL I 

R"re Metal 
Wire dnd Sheet 

• 
For Grids 
For Plales 

For Filaments 
01 Heat." 

FOI Hooks, Springs 
Support Members 

" fOf Scr •• ns " 
for Special Uses 

W"ite for Sllmllle< WANT SAMPL~S? 
MId flrlc c! 6y (18 1, Just IIIllle ~ele melor IIIanlad, di" 
10T a )'cP, eIHJU;n fi l~ (J mensio~s wire or sheet. ond US:O 

to call '--- inlended; clip caupo" 10 leuel· 

FANSTEEl 
PRODUCTS COMPANY 

INC. 
North Ohkng'o. IIllnois 

head and rnail. 

r 

TANTALUM ·TUNGS:rEN ·"MOLYBDhENUM 
and 'RARE " METAL ALLOYS -
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DEPENDABLE 
QUALITY - UNIFORMITY 

SERVICE 
ROEBLING 

ON 

WAXES - & - MELTABLE 
INSULATING and WEATHER· 

PROOFING COMPOUNDS 

WIRE-An[ennae (plain or enameled). Con­
necting and Ground (Rubber (overed, braided 

or plain). 

WAXES-All kinds. 

IMPREGNATIONS-Condensers, Coils, Rubber­
Covered and Weather-Proofed Wire, Televhone 
and Electrical Cables, Etc. 

STRAND- ·Antennae (pl3in or en­
ameled) -Double Galvan j·ud. 

BUS BAR-· LitzmdrJbt-Loop 

SEALING COMPOUNDS-Colll, Conden8ers, 
Batteriea (Wet & Dry), Pot Heads, Cablea, WU­
ing Devices and Specials. 

MAGNET (Conon or Silk) 

FINISHING-All grades of Weather Proof and 
'Rubber-Covered Wire. 

SPECIAL COMPOUNDS WIRE 
PRODUCTS 

35th St. & MapielVood Ave. JOHN A. ROEBLING'S SONS CO. 
Trenton, N. J. Branches in Principal Cities 

Chicago, ill 

"For over 35 yrs." 
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COILS 
with 

Variations as Required 

ex l OO , " .V.M. 

Superheterodyne Intermed i ate 
Frequency Unit Com pie t e 

Poakod at 175 K.C. 

tl lllC ~ .\4HI. 11 . 1 .. 

CT\OES not need a loud­
-.LJ speaker to broadcast ir~ 
perfection. 

Radio engineers all know of 
and recognize its superiority, 
its holding properties, lasting 
adhesion and non-corrosive 

action. It will outlast any 
other tape put to 

similar usage . 
..... -= 

JJ7rite for free sample and convince 
yourself oj its excellence 

~ 

JOHNSON & JOHNSON 
New Brunswick, N. J. 

Page 83 

If ... YOUll" appall"atusl 

Accuracy 10 .1 of 1 %. 
Low dislrJhulcd capucity. 

on·induclive. 

Elcrlrically noiseless. 

RIIIl/:'CS from .1 ohm (0 

J 00 lIlegoh m~. 

18 buil t 

for 

quality and 

perfonnance, 

consider 

• 
SUPER .. 
DAVOHM 

RESISTORS 
All sffintlnr() \.-olues In stock 

• 
THE DAVEN COMPANY 

RESISTOR SPECIALISTS 

(:""rrai Office and Factor,. 

J.5H-160 Summit Sireel, Newark, N. J. 

MULTIPLE TAP SWITCHES 

No. 7070 A No. 7000 A 

Standard and special designs 

PHONO-MOTOR SWITCHES 

No. 7030 A 

Our pl .. nl. lind cn!!'!nced"," lucllltlc~ leud them.elves to 
the pr(HJucttotl ot apecia.l rCQuirementy on Rhort DOtiCe.. 
InQIJ!ries . oUcltcd. 

Soreng ManegoJd CO. 
771 Mather St. Chicago, lll. 
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NEW IDEAS 
I NDUSTRY, in the y ear 1931, Is 

going to need (and ge t) a lot of 
constructive thinking. Old m ethods 
will be scrapped. New ideas will be 
w elcomed, and money will b e made 
by those who originate ICconomies. 

If your thinking is along the lines 
of reduced overhead, lower manu­
facturing cos ts , belter appearance, 
valoe or performance, check your 
theories against the versatile prop­
erties and uses of NVF products. 

Phenolite gear for a household 
appliance. 

-~ 
,~ .. ' 

Combination Phenolite and libre 
high-tenSion (use tube. 

Phenolite doable channel for refrig er­
ated show case insulation and ronner. 

All NVF products-their uses, prop­
erties and workabilities are fully de­
tailed in " Fact-Sheets of Industry." 
May we send you a copy? 

NVF 

RADIO ENGINEERING 

~~L et's see what 
National can do about it" 
"I think we're working in the right direction aU right, but thie trial-lIud· 
error business is costing 0 8 woney. Why not tell Nalional whUl we are try­
jng to nccoIDJIUsh b e re and put it up 10 them to furnish U8 with the right 
material for tbe job. Afler all, tbat's their bosines8." 

TURNING the job over to us isn't shirking re­
sponsibility-it's simply a time saving, money 

saving move that many a manufacturer has sug­
gested to his engineers with happy results. 

Vulcanized Fibre and Phenolite (laminated bake­
lite) are versatile materials applicable to a thousand. 
and-one uses. But to make practical the improve­
ment ideas of designers and engineers often requires 
an intimate knowledge of the properties and char­
acteristics of these materials. And right there is 
where National, with 58 years in this specialized 
business, can render you valuable service. Tell us 
what you're after and let us work out the practical, 
economical solution. Our services on development 
are gratis. 

NATIONAL VULCANIZED FIBRE CO. 
Wilminglon, Delaware Offices in principal citUJ. 

W ILLl . .i,. MS P RE5SJ IN C. , N jtW YOlt K- ALS ANY 



News 
of the 

Moment 
Manufacture ... of 
Short Wave 
Converter Set. 

You will be Inl .. ~.led 
in Don S ft n Power 
T ran s lor n\ 0". and 
Chok~. . M"ny of lb •• " 
Tranlflormers a ... e .1. 
rCildy in service. Write 
rOT infonnation. 

Television 
When you want 
a Power Supply 
Unit or Spec ial 
t y p ~ Tranti * 
lorm~r for Tele­
vision we can 
supply 1I. 

A.k lor De/ai/s. 

There • Deadline IS -a 

on Quality 

Beyond that Deadline we refuse to trespass. 

Yes, it is possible to reduce costs and then 

reduce prices. But there is a point where 

efficiency and machinery must stop-unless, of 

course. Quality is taken out of the product. 

And progress in any industry was never 

achieved by eliminating Quality. Sales may 

mount for a brief season but the future of that 

product is definitely killed. 

Certainly huge strides in manufacturing have 

been made in the Dongan Transformer plant. 

Every known device is utilized to build Trans­

formers at low costs . These savings are offered 

to you in the shape of lower prices. 

Quality, however. is still the dominate char­

acteristic of every single Dongan Transformer. 

No attempt is made to compete with products 

that have gone beyond the Deadline. A few 

cents, one way or the other. sometimes makes 

a world of difference. 

Dongan Electric Mfg. Co. 
2991-3001 Franklin St" Detroit 
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Condenser auembly 
uud by Remler Com· 
pony, LId. in iheir lable 
sized Super· HQ/ero· 
dyne radio receiver. 

molded directly onto steel shafts 
Sensitive condenser assemblies used in super-hetero­
dyne circuits require very efficient insulaHon.ln the can· 
denser used by Remler Company, l td., the pr~b lem of 
fasten ing the plates firm ly and at the same time i n~ulot­

ing them from the steel shafts on whic~ they are mounted, 
was solved in a most skilful and interesting mannE'r. 

A special Bakelite Molding Material was developed for 
the purpose. As a precaution against shrinking and 
cracking, the steel shaft is first heated to the molding 
temperature. Then the insulation is molded directly upon 
the shaH within the press. When assembled, the con-

denser plates are hlif~ fI Gnd in perfect alignment; 
and are effectivel against electrica l losses. 

Bakelite Molded il1stllcitlon has been favored for i n­
numerable radio needs since the earliest days of broad­
cast reception. Its high insulation value, mechanical 
strength, and resistance to moisture have caused it to 
be preferred by radio engineers. Its adaptability to mul ­
tiple production, to intricate designs, and to extremely 
accurate formation without machin ing, has led it to be 
the choice of production men. Write for Booklet 38M, 
"BokeliteMolded;'showing many interesting app lications. 

8ake/Ue Eng ineering Service-We manufactu re a wide vari e ty of Bakelite re5inoid molding material., varnishes, lacque .. , enamels, cemenls. and 
other products. Twenty-one yeors. experience in the development 01 these materials fo r rad io and oth er uses, prov ides 0 va luable background 

for the cooperation o/Jered by our eng ineers and loboratories. 

BAKELITE CORPORATION, 247 Park Avenue, New York. CHICAGO OFFICE, 635 West Twenty-second Street 
BAKELITE CORPORATION OF CANADA, LIMITED, 163 Duffedn Street, Toronto, Ontario 

THE M.A T E R I A L 0 FAT H 0 USA N 0 USE S . 
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